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ABSTRACT 
The discovery of efficient and accurate prices is fundamental to the efficient allocation 
of resources within a market economy. Yet, the detail of how the price discovery process 
operates for any particular product or marketing channel is overlooked in neoclassical 
economics. The assumptions of perfect information and product homogeneity on which 
much of neoclassical economics is built, makes the process of price discovery a trivial 
matter. When these assumptions are replaced by more realistic assumptions, price 
discovery becomes a topic of major importance. In this thesis, the process of price 
discovery at live cattle auctions in Queensland is investigated and its success in generating 
efficient and accurate prices is assessed. 
Two aspects of price discovery are examined in the context of live cattle auctions: the 
process of price discovery for a good of heterogeneous form at a particular time and 
place; and the process of price discovery when a product of relatively homogeneous form 
is traded at a number of spatially and temporally separate markets. The market reporting 
activities of the Queensland Livestock Market Reporting Service are evaluated as a 
source of information designed to improve the price discovery process. 
Two separate methodologies are employed. Price discovery for heterogeneous products 
is analysed within an hedonic price framework while recently developed cointegration 
techniques are used to investigate the relationship between prices at spatially and 
temporally separate markets. 
» 
The results of this study have implications for the future development of the Livestock 
Market Reporting Service in Queensland and elsewhere. In particular, the study identifies 
an important characteristic of live cattle which has the potential to increase substantially 
the information content of cattle market reports. In addition, the results indicate that 
resources of the market reporting service could be concentrated on the markets identified 
as dominant in the price discovery process without reducing the usefulness of market 
reports. The question of how to define geographic markets for a product is also 
considered and a methodology which could be employed to aid in this important aspect 
of policy is suggested. 
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CHAPTER 1 
INTRODUCTION 
The efficiency of the price discovery process is of concern ...because firms 
must receive price signals quickly and accurately in order to use their 
resources optimally. 
Brorsen and Grant (1985), p.631 
The process of price discovery has fundamental implications for the efficient operation 
of markets and the ensuing use of scarce resources. Yet conventional microeconomic 
theory has disregarded this important aspect of prices. There is an extensive literature 
concerned with the conditions under which efficient prices are generated by markets. 
Many economists have studied the consequences of some of these conditions not being 
met (for example, in the 'Second-Best' literature). While some aspects of the price 
discovery process have been examined (for example, the role of information in price 
determination in competitive markets), few researchers have investigated the success or 
otherwise of particular price discovery mechanisms in generating efficient prices. This 
thesis examines the effectiveness of the price discovery mechanism of liveweight auctions 
in generating accurate and efficient prices for slaughter cattle in Queensland. 
1.1 AIMS OF THE THESIS 
There are three closely related but separate issues which are addressed in this thesis. The 
primary objective, as just mentioned, is to undertake an assessment of the price discovery 
process at liveweight auctions in Queensland and to evaluate the capacity of this process 
to determine accurate and efficient prices. The price discovery process is assessed with 
regard to its effectiveness in discovering accurate prices for heterogeneous products at 
single markets and its effectiveness in discovering efficient prices for a homogeneous 
product at spatially separate but related markets. 
A secondary aim of the thesis is to examine the role of information in the price discovery 
process. The role of The Queensland Livestock Market Reporting Service in providing 
the appropriate information to market participants is evaluated and suggestions are made 
as to how this service may be improved. 
The third issue addressed arises out of the second aspect of the price discovery process 
investigated, that of price discovery at spatially separate markets. The question of how 
to determine the appropriate boundaries for geographic markets is investigated by 
examining the nature of any linkages between prices at spatially separate markets. 
1.1.1 The Effective Discovery of EfTicient and Accurate Prices 
Historically the public auction has played a major role in the marketing of cattle in 
Queensland. Over the last decade at least half of the cattle destined for slaughter sold 
each year in Queensland have been sold at saleyards by public auction. Further, price 
quotations from these auctions have always provided a yardstick by which producers 
negotiate direct sales to processors. Despite new developments in the area of sight-unseen 
selling, the public auction is likely to remain the major price discovery mechanism for the 
slaughter cattle for the foreseeable future. It is important, therefore, that this mechanism 
generates efficient and accurate prices. 
In the 1970s, there was widespread concern within the industry about the effectiveness 
of the auction as an efficient marketing channel.' Three major governmental inquiries 
(Anon, 1972; Cozens, 1973; and Prices Justification Tribunal, 1980) found fault with the 
then auction system. The major criticisms were: 
that the prices generated under the auction system were too variable and thus 
likely to convey false price information to intending sellers; 
that the auction system was a poor means of communicating the preferences of 
buyers to producers. Sellers, receiving a lower than anticipated payment, were 
unable to tell whether the price obtained was low because stock were considered 
to be of low quality or because the market was oversupplied; 
that costs associated with auctions were higher than alternative marketing 
channels. 
This thesis is concerned only with the first two of these issues (that is, with pricing 
efficiency). The third criticism is related to the operational rather than pricing efficiency 
of auctions vis a vis other marketing channels. In particular, the thesis addresses the 
question of the variability of cattle prices formed at auction. 
Price variability can be the result of imperfect information in the market. The exact level 
of the equilibrium price may be unknown and a range of prices around the true 
(unknown) equilibrium price may be observed (Stigler, 1961). However, there are other 
reasons for price variability. In particular, conventional theory assumes that the good for 
which price is to be determined or discovered is homogeneous. However, in practice, 
many goods are heterogeneous with different qualities being represented. These qualities 
' An efficient market channel needs to be operationally efficient as well as pricing efficiwit. For 
pricing efficiency, the marketing channel needs to incorporate an efficient price discovery mechanism, as 
discussed in detail in the thesis. For operational efficiency, the marketing channel needs to perform the 
physical aspects of the marketing process at the minimum cost. Concern was felt about the inefficiency of 
live cattle auctions with respect to both these aspects. However, this thesis is focussed exclusively on pricing 
efficiency. 
attract different premiums and discounts compared to the price associated with some 
average quality, resulting in a spread of observed prices. Price variability in this case does 
not necessarily represent any inefficiencies. The variability can be readily explained in 
terms of product heterogeneity. It is important, therefore, to determine whether price 
variability can be explained in terms of product heterogeneity or whether even after 
adjusting for quality variations, some price variability remains because market participants 
are not fully aware of all the relevant information. 
A distinction is made in this thesis between "efficient" and "accurate" prices. Efficient 
prices are a construct of neo-classical economics, representing the prices which result in 
an "efficient" distribution of resources. Defmed in this way, completely efficient prices are 
not observable in the real-world. Efficiency is, for practical purposes, better treated as 
a relative measure. The presence of inefficiencies is more readily recognised than the 
existence of complete or absolute efficiency. One route to examining prices for 
inefficiencies is to examine prices for inaccuracies. Pricing accuracy is a prerequisite for 
pricing efficiency. If price variability cannot be explained in terms of quality variations, 
these prices are not accurate. It follows, therefore, that the observed prices cannot be as 
efficient as they might be. Pricing accuracy is used in this thesis as an indicator of likely 
pricing inefficiencies. Another indicator of inefficiency in pricing is the existence of lags 
in the adjustment of prices to changes in information. In theory, to be efficient, prices at 
spatially separate markets should differ by no more than the costs of transporting the 
goods between the markets. A long-run relationship should exist between prices at 
spatially separate trading sites, with the differential related closely to the cost of transport 
between the sites. The absence of such a relationship or the presence of excessive 
adjustment lags would indicate inefficiency in the prices determined by the price 
discovery process at one or both of these spatially separate sites. 
1.1.2 The Role of Livestock Market Reporting Services 
Major initiatives aimed at improving the pricing mechanism at cattle auctions resulted 
from the government inquiries of the 1970s. In particular, a major gap was seen to exist 
in the availability of information to market participants. Information, or rather lack of 
information, was seen to contribute to the first two major criticisms referred to above. 
Steps were, therefore, taken to improve the necessary flows of market information. 
The most common form for information about prices, quantities and qualities is the 
market reports. These take many different forms throughout the world. Some include 
forecasts about the likely future level of prices and demand while others restrict their 
coverage to the reporting of past prices observed at markets. Prior to the 1970s, the only 
livestock market reporting services that traditionally existed in Australia were privately 
organised by livestock selling agents and were not necessarily widely available to nor 
understood by all market participants. An asymmetry was believed to exist in the 
distribution of market information between buyers (primarily representing large 
processing firms) and sellers (in particular, the smaller scale cattle producers). 
Buyers/processors, with their more regular (in many cases, daily) and intensive 
involvement in a number of auctions throughout the state, had greater access to current 
market information than sellers/producers whose use of the auction system was generally 
limited to two or three occasions per year and usually restricted to the local saleyard. In 
response to the perceived need for better quality and more widely available information, 
public livestock market reporting services were established throughout Australia. 
A secondary objective of this thesis is to assess the role and effectiveness of the 
Queensland Livestock Market Reporting Service (QLMRS) in aiding the price discovery 
process at live cattle auctions in Queensland. With public sector deficit budgets a matter 
for increasing concern. State governments are considering more carefully the question of 
how best to allocate their financial resources. In Queensland, questions have been raised 
about the free provision of the QLMRS. It is not the aim of this project to determine 
whether information services such as the QLMRS should be provided by the public 
sector, although the results of the analysis presented herein are extremely relevant to this 
issue. The objective of the research reported in this thesis is more specific, namely to 
investigate whether the information contained in the market reports explains a large 
proportion of the price variability observed in cattle auction prices and, if not, to suggest 
how the reports could be improved in this respect. The analysis also sheds light on the 
question as to how many auctions must be covered by the market reporting service to 
provide the required information to market participants throughout the State. 
1.1.3 Price Discovery and the Definition of Market Boundaries 
The process of price discovery at spatially separate markets has implications for the 
extent of market integration between these markets which, in turn, has implications for 
pricing efficiency. In addition, the concept and testing of the degree of integration 
between markets sheds light on the problem of market definition. 
The Trade Practices Commission (TPC) in Australia has been involved recently in the 
problem of defining markets for slaughter cattle in Queensland (Trade Practices 
Commission, 1988). The definition of markets and their boundaries is implicit in the 
nature of the work of the TPC and other anti-trust bodies elsewhere. The analytical 
methods used in the final section of this thesis may prove to be of assistance in 
addressing this problem of market definition. 
1.2 OUTLINE OF THE THESIS 
The structure of the thesis is depicted in Figure 1.1. 
1.2.1 Part I: The Price Discovery Process and the Queensland Live Cattle Market 
The background to the analysis is presented in Part I (Chapters 2 and 3). Chapter 2 
examines the theoretical structure for the examination of price discovery and indicates 
the key factors which affect price discovery. The nature of the livestock market and the 
Livestock Market Reporting Service in Queensland is described in Chapter 3 in the 
context of their role in price discovery. 
Against this background, two separate aspects of the price discovery process for 
liveweight cattle auctions in Queensland are identified for detailed examination: price 
discovery for a heterogeneous commodity at individual markets; and price discovery for 
a homogeneous commodity at spatially separate markets. The analysis of these two 
distinct aspects of the price discovery process under investigation are considered in Parts 
II and III of the thesis, respectively. 
Figure 1.1 Plan of the thesis 
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1.2.2 Part U: Price Discovery for Heterogeneous Products 
In Part II (Chapters 4 to 9), the accuracy with which prices for a heterogeneous 
commodity with different quality attributes are discovered is examined using hedonic 
price analysis techniques. The accuracy of pricing has implications for the clarity of price 
signals to cattle producers about the valuation of different quality attributes of cattle. 
This, in turn, has implications for their subsequent use of resources in future production. 
In Chapter 4, a summary of the economic foundations of hedonic price analysis is 
presented and a review of the relevant literature on applied hedonic price analysis is 
given. The characteristics approach to the analysis of consumer and producer goods yields 
a method of explaining the price paid for a commodity as a function of the characteristics 
possessed by that commodity. The assumptions implicit in such analysis are described and 
assessed as to their likely validity in the context of liveweight cattle auction prices. 
Previous empirical studies where hedonic price analysis has been used to evaluate the 
characteristics of agricultural products in general and livestock products in particular are 
reviewed. 
The estimation of hedonic price functions in applied analysis is not without its 
econometric problems. The most common problems encountered, specifically problems 
associated with the specification of functional form, multicollinearity, aggregation and 
measurement error are described, with reference to previous hedonic price studies, in 
Chapter 5. 
The variables to be included in an hedonic price function for slaughter cattle are 
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considered in Chapter 6. This is carried out in the context of prior considerations of what 
factors are likely to affect prices as well as consideration of factors found to be important 
in previous studies of cattle prices. 
The next three chapters (Chapters 7, 8 and 9) discuss the estimation of hedonic price 
functions for cattle in Queensland with the purpose of determining whether prices formed 
at auction are accurate prices. A preliminary analysis using the data for one saleyard is 
undertaken in Chapter 7 to establish the best methodology to be followed to minimise 
the econometric problems discussed in Chapter 5. The functional form for the hedonic 
price function and level of disaggregation for the analysis of the complete data set is 
discussed in the light of these preliminary results. 
Hedonic price functions incorporating the characteristics of live cattle which are used in 
the market reports produced by the QLMRS are estimated for seven saleyards in 
Queensland and for six time periods. The results of this estimation are reported in 
Chapter 8. Amongst other things, the amount of variation in prices explained by these 
functions is interpreted as an indication of the usefulness of the information contained 
by the QLMRS reports. 
In Chapter 9, the set of characteristics used in the hedonic price functions is extended (by 
using primary data especially collected for the purpose) to include some of the variables 
discussed in Chapter 6 but not currently collected by the QLMRS. Any remaining 
unexplained variation in prices is indicative of inaccuracies and thus inefficiencies in the 
prices established at these cattle auctions. The importance of the characteristics included 
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in the extended set of characteristics but not currently included in market reports is 
established and the practicality of extending the coverage of existing market reports to 
include these characteristics is discussed. 
1.2.3 Part HI: Price Discovery at Spatially Separate Markets 
Part III of the thesis (Chapters 10 and 11) examines the interrelationships between prices 
at spatially separate markets, to investigate the transmission of price information over 
time and space. The speed with which price information is transmitted affects the extent 
to which profits may be made by arbitrage. Since these arbitrage opportunities, if they 
exist, are not uniformly available to all market participants, this aspect of price discovery 
has implications not only for the efficiency of the price discovery process under 
investigation but also for the "fairness" of the market. Part in of the thesis employs 
recently developed techniques of time series analysis. The results not only provide useful 
insights into the structure and geographic definition of slaughter cattle markets in 
Queensland, but also extend understanding of the concept of market integration. 
The concept of market integration and its relationship with price efficiency and price 
discovery are discussed in Chapter 10. Information is again shown to be crucial to the 
effectiveness of price discovery, with the emphasis here being on the speed and direction 
of information flows between markets. This aspect of price discovery over spatially 
separate markets is shown also to have implications for market reporting. Chapter 10 
presents a review of previous studies on market integration, grouping these studies by the 
four broad methodologies used to investigate and measure market integration: correlation 
analysis; causality testing; dynamic modelling, including vector autoregressive (VAR) 
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modelling; and cointegration techniques. 
A number of these methodologies are used in Chapter 11 to investigate price 
transmission and price discovery at four key auction centres in Queensland. In particular, 
multivariate cointegrating relationships between the four saleyards are tested by using 
Johansen's technique. Cointegration is a necessary condition for market integration and 
thus effective price transmission. The relationships between the saleyards are then 
represented using VAR models to examine the speed of adjustment of prices to new 
information at each of the four centres. The existence of inefficiencies, as revealed by 
significant adjustment lags, is investigated. The implications of this analysis for market 
reporting and market definition are discussed. 
The thesis is concluded in Chapter 12 with a discussion of the implications of this analysis 
for the future of market reporting in Queensland and for the definition of markets. Both 
aspects of the analysis of price discovery in Queensland cattle auctions, discussed in Parts 
II and III of the thesis, are shown to have implications for pricing efficiency and its 
usefulness as a practical concept. The limitations of the analysis and suggestions for its 
extension are also discussed in this final chapter. 
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PARTI 
THE PRICE DISCOVERY PROCESS 
AND THE QUEENSLAND LIVE CATTLE MARKET 
In the following two chapters, the concepts of price discovery, pricing efficiency and 
pricing accuracy are defined and discussed in the context of the live cattle market in 
Queensland. Information is shown to be central to the discovery of accurate and efficient 
prices and the role of livestock market reporting services in price discovery is reviewed. 
Other factors, such as the existence of alternative markets and market channels and 
product heterogeneity are also shown to have an important role in the price discovery 
process. Two separate aspects of the price discovery process are identified for detailed 
examination in Parts II and III of the thesis. 
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CHAPTER 2 
THE PRICE DISCOVERY MECHANISM AND ITS IMPLICATIONS 
FOR PRICING EFTICIENCY AND PRICING ACCURACY 
This chapter outlines the key theoretical concepts which underlie the thesis and describes 
the methodology used to examine price discovery at cattle auctions in Queensland. In the 
first section, the concepts of "price discovery", "pricing efficiency" and "pricing accuracy" 
are defined as they will be used in the remainder of the thesis. It is argued that the 
effectiveness of the price discovery mechanism principally depends on the information 
held by market participants; on the number of market transactions in a given time period; 
on the extent of product heterogeneity; on the relationship between spatially separate at 
which the commodity is traded; and on the characteristics of different marketing channels 
that exist for the commodity in question. The way in which each of these factors affect 
the process of price discovery is discussed. The chapter concludes by indicating the 
importance of the two separate aspects of the price discovery process which are addressed 
in this thesis: price discovery for heterogeneous commodities; and price discovery at 
spatially separate markets. 
2.1 PRICE DISCOVERY, PRICING EEFICIENCY AND PRICING ACCURACY 
The concepts of price discovery, pricing efficiency and pricing accuracy are closely related 
with the terms often being used interchangeably. In this section, the key meanings of 
these three terms are outlined as they will be used in the thesis. 
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2.1.1 Price Discovery 
The price discovery mechanism, as defined by Thomsen and Foote (1952), is the process 
by which buyers and sellers arrive at a transaction price for a specific quantity and quality 
of a commodity at a specific time and place. Conventional economic theory assumes 
prices are discovered by some unknown but instantaneous, costless process. Walras' 
auctioneer and the tatonnement process is one attempt to formalise the process of price 
discovery in economic theory (see Walras, 1954). Generally, the process of price discovery 
has been given little attention in the literature. One of the main reasons for this lack of 
attention is that economists commonly adopt the assumptions of perfect competition: 
specifically, that there are many buyers and sellers and thus transactions at any given time 
and place, that the product is homogeneous, that there is perfect information and zero 
transactions costs. With these assumptions, price discovery is a trivial process. However, 
if these assumptions are untenable, the process of price discovery becomes interesting and 
extremely important. 
The importance of the price discovery process lies in its success, or otherwise, in 
generating prices which can be considered to be optimal. Optimality can be assessed in 
relation to a number of objectives, for example, the equity with which resources are 
distributed throughout society. However, optimal prices in an economic sense are 
generally taken as those prices which conform closely to the equilibrium values of the 
goods or services, the values at which the costs incurred by the producer and the benefits 
received by the consumer are matched. If prices do not reflect these equilibrium values, 
then resources will be mis-allocated and social welfare will be reduced. The appropriate 
market signals may not be generated within the marketing system to achieve the desired 
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(or at least conjectured to be desired) product mix expressed by the consumers. Thus, 
price discovery has important policy implications with the effectiveness of the price 
discovery mechanism determining the extent to which the welfare of the community is 
being mziximised. 
2.1.2 Pricing Efficiency 
If the discovered prices do not reflect accurately the equilibrium values of the goods, 
these prices will not be efficient, in the sense of Pareto. Neoclassical theory concentrates 
on the conditions under which prices will be Pareto optimal. Pareto efficiency refers to 
the distribution of resources in the economy. A distribution is said to be Pareto or 
economically efficient if it is not possible to make a least one person better off without 
making any other person worse off. The pattern of prices underlying such a resource 
allocation are referred to as 'efficient' prices. Efficient prices are the crux of economic 
efficiency. The necessary conditions to achieve an efficient allocation of resources are 
extremely restrictive. Specifically: 
Economic efficiency in consumption is defined by the equation of marginal 
rates of commodity substitution (MRCS) between consumers. Economic 
efficiency in production is defined by the equation of marginal rates of 
technical substitution (MRTS) between producers and between factors of 
production. Economic efficiency in general is defined by the point at which 
the marginal rate of commodity substitution (MRCS) for all consumers 
equals the MRTS between factors for all producers. 
(Lang, 1980, p.773) 
This complex set of conditions are satisfied in a perfectly competitive economy. The key 
assumptions which underpin the perfectly competitive system are that all participants 
have perfect information and that there are a large number of buyers and sellers in all 
markets. Relative prices generated by the forces of such perfect competition will ensure 
that producers and consumers freely competing in the market will achieve economic 
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efficiency. Market imperfections which exist in all real-world markets lead to a different 
set of relative prices and, hence, to a loss in efficiency when compared to this ideal. 
Changes away from this ideal allocation of resources which may improve the position of 
some individuals at the expense of another group cannot be assessed in terms of its effect 
on economic efficiency (Lang, 1980, p.773). 
The market imperfections, such as lack of perfect information and a shortage of 
transactions in a market, affect the price discovery process directly and hence may lead 
to prices which are inefficient. These issues are discussed further below in Section 2.2. 
The conditions required for an efficient allocation of resources, described above, assume 
a two sector model, consisting only of consumers and producers. In practice, there may 
be many more sectors, with an associated increase in the number of linkages in the 
system of transactions. In the case of beef, there may be at least five groups of market 
participants between which transactions may take place: 
producer - > processor - > wholesaler - > retailer - > consumer. 
In this thesis, the concern is with one linkage in the marketing chain, the linkage between 
producer and processor and is limited to their interaction at liveweight cattle auctions. 
Efficient prices, in this context, are not concerned with the equilibrium value of the 
product, beef, to the final consumer, although this area is itself one which warrants 
further investigation. The prices discovered at auction are assessed for efficiency in the 
context of their likely equilibrium value to processors. This, in turn, is examined by 
considering the accuracy with which prices are determined, discussed in the next section. 
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In the standard neoclassical model, trade takes place at one market. This raises another 
aspect of pricing efficiency which is relevant for this thesis, that is, the situation where 
goods are traded at more than one geographic market. If arbitrage is permitted between 
these markets, to be efficient, prices formed at each of these markets must differ by no 
more than the cost of transporting the goods from one market to another (Tzikayama and 
Judge, 1971). Any difference in prices which exceeds these transfer costs would be 
removed by arbitrage between the markets if the price discovery process in the markets 
is efficient. This aspect of pricing efficiency is discussed in the context of spatial market 
efficiency in Part III of the thesis (10.1.3). 
2.1.3 Pricing Accuracy 
Pricing accuracy is a specific aspect of pricing efficiency yet the distinction between 
efficient prices and accurate prices is often blurred in the literature. Pricing accuracy 
relates to the extent to which the price system reflects the fmal product value to the 
producer. Accurate prices are thus essential for pricing efficiency. If product values are 
reflected accurately in prices paid to producers, then producers will be able to allocate 
their resources more effectively. Thus, pricing accuracy is a necessary, but not sufficient, 
condition for pricing efficiency. 
The question of whether prices are accurate or not is most often raised in the context of 
heterogeneous products. Quality differences between products result in different prices 
being offered by buyers and asked by sellers. The extent to which quality differences are 
fully reflected in these prices affects the extent to which these prices are accurate. In the 
context of this thesis, prices for slaughter cattie will vary with the perceived quality of the 
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animals for sale. For prices of slaughter cattle to be accurate, the price differences must 
fully reflect the difference in the value of the catfle to the meat processor. Price 
averaging, where an overall single price is offered for a lot of mixed quality of a 
commodity, is a common practice in many commodity markets. Such price averaging is 
often said to apply to slaughter cattle, both at auction and with direct sales. If this is the 
case, it is likely to have an adverse effect on the accuracy of prices. The price offered for 
a mixed lot of cattle is likely to be an average price, relating to the average quality of the 
lot. Worse still, in some circumstances, the price offered is not an "average" in a statistical 
sense but relates more to the minimum quality represented within the mixed lot. When 
price averaging is practised, sellers do not receive precise messages about the value of 
different qualities of the product sold. With no obvious financial incentive signalled from 
the purchaser to the producer to improve quality, the producer may not allocate 
resources efficiently from the point of view of society as a whole. This blurring of price 
signals, resulting in inaccurate prices, is most likely to occur when the producer and 
consumer do not trade directly with each other but via wholesalers and other 
intermediaries, as happens in many agricultural markets. This is discussed further in the 
next chapter. 
2.2 THE PRICE DISCOVERY PROCESS 
As indicated above, whether or not a particular price discovery mechanism will generate 
efficient and accurate prices depends on a number of factors. In the context of this study, 
the key factors are: the incomplete and/or imperfect information available to market 
participants; the number of these buyers and sellers and thus the number of (potential) 
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transactions; the extent of product heterogeneity; and the existence of different spatial 
markets and different meirketing channels for the commodity. The impact of each of these 
factors on the price discovery process is discussed below. 
2.2.1 The Impact of Imperfect Information 
One of the key assumptions of perfect competition is that of perfect information for all 
market participants. In such an environment of perfect information, 'the price discovery 
process is nonexistent' (Kilmer, 1987, p. 137). Rarely is the assumption of perfect 
knowledge justifiable in the study of real markets. It is in the absence of perfect 
knowledge that the importance of the price discovery process emerges. In particular, an 
absence of adequate information may mean that price discovery will be inefficient both 
in a general economic welfare sense and in relation to pricing accuracy. Prices will not 
contain the necessary information to ensure that optimal decisions will be made. 
Specifically, in the context of this study, sellers may not know the true premiums and 
discounts associated with different qualities of a product and thus cannot adjust their 
production accordingly. The prices, demands and supplies at other spatial (and temporal) 
markets may be unknown by buyers and/or sellers. In other words, there is insufficient 
information available to market participants to enable the proper allocation of resources. 
In the extreme case, the assumption of perfect information requires all economic agents 
to know not only their utility function and production possibility set but those of all other 
market participants, as well as the prices of all other relevant goods and services. 
However, in the theoretical world of neoclassical economics, markets reveal this 
information to economic agents in summary form, namely as market prices. Thus, 
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economic agents can limit their knowledge acquisition to market prices for goods and 
services (Arrow, 1984 p. 158), hence the importance of price reporting (see section 3.3). 
Even when the information required is restricted to that of market prices, there will be 
some participants who will not be perfectly informed.' In their analysis of the 
information content of prices, Grossman and Stiglitz (1976) treated price as a single value 
generated by a discrete auction and concluded that an uninformed market participant 
would be able to infer information known to other market participants as a function of 
the market clearing price. In other words, market prices act as almost perfect aggregators 
of information and the absence of perfect information for all market participants makes 
little difference to the results of neoclassical theory. Efficient, competitively determined 
prices contain all the relevant information required to obtain an efficient allocation of 
resources. 
However, as Garbade and Silber (1976) and Stigler (1961) have shown, price dispersion 
will exist even in a highly competitive market for a homogeneous product so long as 
information is costly. Prices are not perfect aggregators of information. The amount of 
information revealed through prices is important and is an inverse function of the 
dispersion of those prices with the quality of the information declining as prices become 
more dispersed (Garbade et al 1979). 
' Prices, of course, will not necessarily contain all the information required for the optimal allocation 
of resources unless these prices are efficient. In particular, there is the problem of how future demands and 
supplies are incorporated into present prices. The absence of complete futures markets for all commodities 
will preclude the formation of efficient prices. This point is discussed in Arrow (1984), Qiapter 12. 
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Another way of viewing this is that, even if the equilibrium price is found, trades will take 
place at prices other than the equilibrium. In the tatonnement process, no exchange takes 
place until the equilibrium price is found. While elements of a tatonnement process may 
be apparent in some markets, there will generally be trades taking place throughout the 
market session not just at the resulting equilibrium price. That is, even if the price 
discovery process does result in an equilibrium price, trades may have taken place at 
other non-equilibrium prices. Thus no one equilibrium price is revealed but a number of 
prices, one of which may be the equilibrium price. Which of these prices is the 
equilibrium price, if any, is unknown.^  The information which can be revealed from an 
examination of this price distribution is less then perfect, with the quality of the 
information revealed by prices being closely related to the amount of variability in the 
observed prices. 
The traditional determination of the market equilibrium price is illustrated in Diagram 
2.1, with the intersection of the market demand and supply curves determining the 
equilibrium price. 
Diagram 2.1 Traditional determination of the market equilibrium price 
See Paul (1979) for a discussion of this issue. 
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This analysis can be extended to the situation where there is incomplete and imperfect 
information. Price inefficiencies can and do arise if all market operators are not perfectly 
informed about demand and supply conditions and the ensuing prices. Allowing for 
imperfection in information in the market. Ward (1983) revised the traditional model of 
the price discovery process as shown in Diagram 2.2. 
Diagram 2.2 The determination of market prices with imperfect information -1 
In Ward's analysis, it is assumed that the estimates of the demand and supply schedules 
by buyers and sellers are normally distributed about the true schedule. The potential 
exchange price can lie anywhere in the range P, to P2. Ward's analysis is similar to that 
of Stigler (1961) and Freebaim (1973) and confirmed by experiment by Chamberlin 
(1948) and Smith (1962). The Stigler/Freebaim interpretation is shown in Diagram 2.3. 
With imperfect information, a range of price/quantity trades will be observed around the 
true equilibrium point. The analyses of Stigler and Freebaim suggest that the width of 
the band, or in the latter case, area of dispersion, depends on a number of factors, the 
most important of which is the availability of information to buyers and sellers. Stigler 
(1961) states, "price dispersion is a manifestation - and indeed, it is a measure - of 
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ignorance in the market". 
Diagram 2.3 The determination of market prices with imperfect information -II 
2.2.2 The Impact of Marltet Thinness on Price Discovery 
The absence of many buyers and sellers in a market has been examined extensively in the 
general economics literature, in the literature on monopoly, oligopoly, monopsony and 
oligopsony in particular. In the above literature, the emphasis is on the level of prices 
which will prevail in equilibrium under each of these market structures and how these 
differ from the perfectly competitive 'efficient' price. However, there are two quite 
separate aspects to the impact of market thinness on the equilibrium price. 
The first is the problem of price discovery where there are few market participants and 
few market transactions. Tomek (1980) examined the effect on price behaviour of thin 
markets for agricultural commodities. He pointed out that an increase in the number of 
transactions per unit of time leads to an increase in the amount of information to market 
participants about the likely level of the unknown equilibrium price. Conversely, a 
reduction in the number of transactions will lead to a reduction in such information 
(Tomek, 1980, p.435). Such a reduction in information would be revealed through an 
increase in the variance of the mean transaction price. The impact of market thinness on 
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price discovery is via the precision of pricing, a similar result to that of Section 2.2.1 
above. It should be noted that this result, of increased variance in transactions prices, 
emerges only where market thinness exists in conjunction with imperfect information. As 
long as they are perfectly informed, a small number of market participants can discover 
efficient prices. 
The second aspect concerns the extent to which buyers or sellers may have extraordinary 
market power. Any bias resulting from undue market influence from either sellers or, 
more likely, buyers in a thin market is not easy to establish. Equilibrium prices are 
unknown and therefore the extent of any bias is difficult to measure. However, it is the 
potential for such bias, resulting from an asymmetry in the information held by market 
participants operating in a thin market, which provides the rationale for a publicly funded 
market reporting service. Buyers potentially have access to much greater amounts of 
market information through their regular participation in liveweight sales across the State. 
Livestock producers sell their cattle infrequently and are thus limited in their access to 
market information, in the absence of centralised market reporting. In addition to this, 
opportunities for collusion between buyers at thin markets can also have a downward bias 
on prices, with the potential for such bias being greatest when sellers are not well 
informed. 
As discussed in Chapter 1, publicly funded market reporting services were introduced to 
offset informational asymmetry and thus the potential for price bias. Information has 
many characteristics of a public good, with externalities associated with its consumption. 
As in many cases where externalities exist, market failure in the provision of the good is 
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likely. In this case, the public provision of information, freely available to all market 
participants, avoids many of the problems associated with such market failure. 
2.2.3 The Impact of Product Heterogeneity 
Price discovery has been examined most often in the context of homogeneous goods. An 
additional and interesting dimension may be added by considering how the prices of 
heterogeneous goods are discovered. Price discovery for heterogeneous goods can be 
thought of as a two stage process. The first stage is the discovery of a base or reference 
price, or, alternatively, the discovery of the general level of prices around which specific 
transaction prices will vary, as discussed above. The second stage of the price discovery 
process is made up of buyers (and sellers) arriving at the value, and consequently the 
price of the specific lot being offered for sale, relative to the base already established 
(Tomek and Robinson, 1972, p.378). 
The second stage of the price discovery process, the evaluation of a specific lot offered, 
involves the assessment of the characteristics of the lot in question and the calculation 
of the appropriate premiums or discounts, relative to some standard or average lot. The 
characteristics of the lot may include not only qualities of the commodity being sold but 
also characteristics of the price discovery mechanism itself such as the conditions of sale 
(for example, the time and place of the sale), the quantity in the lot being sold, and the 
total offering in the market at the time and place under consideration. Thus the price for 
a specific lot of, in this instance, catfle, will be the expected equilibrium price plus or 
minus a number of premiums or discounts for the variation in the characteristics of that 
specific lot compared to some average or base. This two stage process, with price 
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discovery determining the premiums and discounts associated with variations in the 
characteristics of a specific lot compared with some base lot, is central to the analysis 
used in Part II of this thesis. The accuracy with which these premiums and discounts 
relate to variations in the characteristics of the lot is closely linked with the accuracy of 
the prices discovered. If price variation cannot be explained in terms of quality variation, 
there must be doubt about the usefulness of the signals to the producer generated by the 
prices. Pricing accuracy requires that price variability between different lots of a 
heterogeneous commodity be explicable in terms of variation in the quality or other 
characteristics of the commodity. Without pricing accuracy, prices cannot be efficient as 
discussed above (2.1.3). 
2.2.4 Price Discovery at Spatially Separate Markets 
Neoclassical theory tends to analyse demand, supply and the ensuing price in terms of 
one market or trading place at one point in time. Extensions to this theory to incorporate 
the existence of spatially separate trading places for a commodity have been made in 
several different areas of economics, for example, in the international trade literature and 
the 'Law of One Price' literature. (See, for example. Officer, 1976; and Richardson, 1978.) 
The existence of markets for the same commodity separated in space arises primarily 
because of transportation and, to a lesser extent, communication costs. If more than one 
trading centre exists for the same commodity, price discovery does not take place 
independenfly at each of these points; it is not determined exclusively by the local 
demand and supply conditions. Instead, as already discussed, provided there are no 
barriers to arbitrage, price are interdependently determined. For prices to be spatially 
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efficient, price differences between geographically separated markets would not exceed 
the cost of transportation between the two places. Arbitrage will ensure that price 
differences will never exceed transfer costs over any extended period (Tomek and 
Robinson, 1972, p. 143). Any price differences between two markets which exceed these 
costs will be removed by arbitrage between those markets. Price differences may be less 
than the transfer costs in some circumstances, even with an efficient price system. 
Similarly, a price change at one market, resulting from some new information, would be 
expected to flow to other spatially distant markets. In a competitive market with free 
information flows, arbitrage will ensure that prices at spatially separate but related 
markets move together, with price differentials reflecting only the costs of transfer 
between the different centres. Thus, a price change at one market will be followed by 
similar price changes in the other markets. 
One important aspect of the price discovery process is the speed with which prices adjust 
to changes in market forces and, specifically, to changes in the price of the same 
commodity at other markets. Whatever the market structure, oligopolistic, oligopsonistic 
or competitive, the speed of any price adjustment is related to the effectiveness of 
information flows between the markets. Price adjustments to changes in market 
information are rarely instantaneous, as shown, for example, by Grant et al. (1983), Gupta 
and Mueller (1982) and Spriggsef fli (1982). Thus the speed with which new information 
is disseminated across markets is a measure of the efficiency of the price discovery 
process. If adjustment lags exist, there may be opportunities for arbitragers to gain. The 
best informed and the most flexible market participants in the case of slaughter cattle, 
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are the buyers who operate in many geographically separate markets on a daily basis. It 
is to such buyers that any arbitrage opportunities may be open. Sellers, who may not have 
access to such immediate information, or may be subject to lags between the decision to 
sell and the actual sale, are less likely to gain ft^om any arbitrage opportunity. Intrinsically 
related to this aspect of price discovery is the question of the integration of spatial 
markets and, indeed, the definition of what determines a geographical market for a 
commodity. This aspect is discussed in Part HI of the thesis where the spatial aspect of 
price discovery is explored. 
Price discovery within a set of markets has been examined by a number of authors in 
order to identify the major points of price discovery and information flows within these 
markets. (See, for example, Sexton etaL, 1991; Goodwin and Schroeder, 1991; Faminow 
and Benson, 1990; Koontz et oL, 1990; Schroeder and Goodwin, 1990; Ravallion, 1986; 
and Monke and Petzel, 1984.) As a number of authors have shown, price discovery is 
affected by the density of trade taking place in a market (Koontz et oL, 1990; Bailey and 
Brorsen, 1985; and Brorsen etal, 1985) and by the distance between markets. Using the 
terms of Koontz et aL (1990), it is often possible to identify one or more dominant 
markets which lead any price changes in a set of geographic markets, while other satellite 
markets may lag behind. These dominant markets play a more important role in the price 
discovery process. If the geographic market is tightly integrated, with a strong relationship 
between prices at the various trading centres, it may be important for market participants 
to identify such markets. Price information, particularly, about movements in prices at 
dominant markets in this instance may be used as an indicator of price movements 
elsewhere. If dominant markets can be identified within a group of related markets, 
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market reporting services can concentrate their reporting efforts on these, using the 
knowledge that price movements at other markets are closely related to those at the 
dominant markets (see Chapters 10 and 11). 
2.2.5 Price Discovery and Alternative Marketing Channels 
The process of price discovery at agricultural markets with a number of alternative 
market channels has been discussed by several authors (Tomek and Robinson, 1977 
(pp.378-387); Shonkwiler and Pagoulatos, 1980; Wilson, 1989). 
The process of price discovery differs between marketing channels and is also determined 
by the relationship within marketing channels. Much of the empirical work on price 
discovery has examined the relationship between cash and futures markets. In particular, 
futures markets have been found to contribute to the price discovery process in cash 
markets by allowing for arbitrage between different time periods. (See Leuthold et al, 
1992; Koontz etal, 1990; Oellermann, Brorsen and Farris, 1989; Oellermann and Farris, 
1985; Weaver and Banerjee, 1982.) One role of a futures market is its potential to 
improve price discovery and pricing efficiency over time in the cash market. 
However the relationship between other marketing channels may also be important. 
Buccola (1985) examined the difference in the efficiency of price discovery between 
centralised and non-centralised markets. In non-centralised trading, price is found 
bilaterally by negotiation between a single buyer and seller, such as in direct sales. In 
centralised (or terminal) markets, all bids are made in the presence of all potential 
traders. Examples of such centralised markets are auctions and, to an even greater extent, 
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electronic sale by description. Many have suggested that electronic marketing offers the 
most efficient means of price discovery. (See, for example, Sporleder, 1984; Schrader, 
1984; and Rhodus et al, 1989.) Buccola's results suggest that unpredictable price 
variability will be less in centralised markets than in non-centralised, but the rate at which 
prices adjust to new information is slower at centralised markets. With price reports often 
being based on the prices formed at centralised markets, it is often these prices which 
form the basis for negotiation in non-centralised markets. It is important, therefore, that 
price discovery at these centralised markets is effective in determining accurate and 
efficient prices. It is also important that these prices are correctly recorded and reported 
in market reports. These issues are discussed in Part n of the thesis (in particular, in 
Chapter 9). 
2.3 ASSESSING THE EFFECTIVENESS OF THE PRICE DISCOVERY PROCESS 
In the following, the effectiveness of price discovery will be discussed in the context of 
the discovery of efficient prices. Efficiency is not, in the real world, an absolute concept. 
Efficiency is usually measured not against some absolute benchmark but against the 
efficiency of some other system or process. In theoretical economic analysis, efficiency 
is measured against the benchmark of the perfectly competitive market and prices 
compared with those unobservable equilibrium prices. TTiis approach is not useful for any 
applied analysis. The efficiency of prices, and associated with that the accuracy of those 
prices, will be revealed instead either as a relative measure or as the absence of any 
indications of inefficiency. The absence of identifiable inefficiencies can be taken to 
indicate that a market is efficient. 
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There are three dimensions to pricing efficiency: to be called efficient, prices must be 
efficient over time, space and form. The assessment of efficiency over time is complex. 
Classically, temporal efficiency means that differences through time should equal the cost 
of transferring the commodity between the two time periods. However with demand and 
supply conditions, and production and storage costs, changing over time, prices will be 
affected by a number of unknown factors, not simply the costs of holding the commodity 
over into some future period. With many agricultural commodities, there is the additional 
problem that the product itself transforms over time. Temporal inefficiencies can be 
approached using a different concept of efficiency, such as that provided by the literature 
of futures markets (Fama, 1970). Here a market is said to be efficient if prices at all 
times fully reflect all available information. However the absence of an active futures 
market for live catfle in Australia disallows any direct testing of the efficient markets 
hypothesis by this approach. 
In this thesis, two separate aspects of price discovery are examined, the effectiveness of 
price discovery as it pertains to different forms of a commodity and of price discovery 
over space.^  Different analytical techniques will be required for the assessment of the 
effectiveness of these two aspects of price discovery. In Part II of the thesis, the concern 
is with the effectiveness of the price discovery process in establishing accurate prices for 
heterogeneous products, representing different forms of a commodity, at a number of 
individual markets. In Part III, the process of price discovery in a set of spatially separate 
trading places, which together make up a market for a homogeneous product, is 
^ The testing of ten^wral aspects of price discovery will be incorporated indirectly, with the testing 
of the effectiveness of spatial price discovery. 
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investigated. Here the concern is with the linkages between prices at these spatial points. 
In particular, the direction and speed with which prices react to new information is 
examined. The related issue of what constitutes a market is also discussed in Part III.'' 
2.3.1 Assessing the Efficiency and Accuracy of Price Discovery for a Heterogeneous 
Commodity 
Stigler (1961), as stated above, saw the variation or dispersion of prices as a measure of 
inefficiency and, as Buccola (1985), states 
Price discovery would be perfecfly efficient if every price transacted were 
equal to the competitive equilibrium price. In a static or long-run average 
sense, efficiency improves to the extent variability of transactions prices 
about the competitive equilibrium is diminished, (pp.583-4) 
However, because of the heterogeneous nature of live cattle, there will always be a range 
of prices traded, not just one single price. The assumption of a homogeneous product in 
the perfectly competitive model is far from appropriate for live catfle. Variation in price 
cannot be taken on its own to indicate the existence of pricing inefficiency: variation is 
expected in efficient and accurate prices. A range of premiums and discounts around an 
equilibrium price, related to the variation in quality attributes of the product, is 
associated with accurate prices as was shown above (section 2.2.3). A measure of the 
effectiveness of price discovery for a heterogeneous commodity must incorporate this 
essential feature of price variability. 
Little work has been carried out in this area of price discovery. Few have written about 
the accuracy of prices in terms of heterogeneous products. An exception is the work of 
* Beef cattle are one of the relatively homogeneous commodities for which Cochrane (1957) expected 
to find a nationwide market. 
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Trierweiler and Hassler (1971). They computed the differences in the economic value of 
different grades of beef and pork carcasses, as indicated by the differences in the value 
of saleable retail meat obtained, and compared this with the actual price differences for 
the carcasses. This requires detailed, accurate measures of meat yielded from carcasses 
and is more suited to analysis of carcass prices than to live cattle prices. In addition, it 
is an unsuitable method by which to achieve the secondary objective of this thesis, to 
comment on the usefulness of the current market reporting system in use in Queensland. 
The methodology of Trierweiler and Hassler can reveal litfle about the usefulness of 
market reports. 
Instead, the techniques employed here are those described in the hedonic price literature. 
The price of a heterogeneous product is examined in terms of the qualities or 
characteristics possessed by a specific lot of the product. Price discovery, in this context, 
is assessed by examining the unexplained variation after allowance has been made for 
quality differentials. Variation which cannot be explained by quality differences can be 
interpreted as an indication of inaccuracies in pricing and thus inefficiencies. This is 
analogous to the measures used by Stigler (1961) and Buccola (1985) for a homogeneous 
product. 
Variability after allowing for quality differences will always exist, whether from 
assessment differences of buyers, differing cost structures of meat processors^ or 
imperfections in information. It may not be possible to distinguish between these three 
^ For example, different cost structures will occur in the Queensland cattle market when the costs of 
processing are less in the receiving area than in the source area. 
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or other potential causes. The existence of unexplained variability should not be 
considered as an absolute measure but should be measured relative to something else. 
For example, if we are to test whether one sector of the market is more efficient than 
another, the unexplained variation in prices in the two sectors can be compared. 
Alternatively, if the test is for whether the market has become more price efficient 
through time, the variation in prices for the recent period can be compared with that of 
the earlier period. A lower variation would indicate an improvement in pricing accuracy 
and thus a greater level of efficiency.* 
2.3.2 Assessing the Effectiveness of Price Discovery at Spatially Separate Markets 
Conventionally, for prices to be spatially efficient, price differences between 
geographically separate markets would not exceed the costs of transportation and 
communication between the two places. As was shown above, (section 2.2.4),arbitrage 
will ensure that price differentials will not exceed transfer costs over any extended period 
(Tomek and Robinson, 1972, p. 143). In consequence, prices at different trading centres 
will tend to move together over time, with the differentials reflecting the costs of transfers 
between centres. 
In contrast to price discovery for heterogeneous products, price discovery over spatially 
separate regions has been examined by many authors, over a long period of time. 
McPherson (1956) wished to assess the effectiveness of the auction system to discover the 
price of catfle. He examined the relationship between different market prices using 
* If the underlying level of prices changed markedly over the periods compared, it may be necessary 
to use a relative measure of variation such as the coefficient of variation. 
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simple techniques, finding that 'large auctions discover prices that approximate the ideal 
much more closely than do small auctions' (p.39). However the principles underlying 
McPherson's methodology are not dissimilar to those underpinning the more sophisticated 
analysis of recent years, for example, as used in Leuthold et al (1992). The methodology 
employed is to examine the relationship between the prices set at different spatial 
markets for the same product over time. Time series techniques can be used to identify, 
for example, using causality tests, which, if any, of the markets is dominant - that market 
which sets the trend or reveals most information to the market. Cointegration of the price 
series at different markets indicates that prices are closely related in the different markets 
and therefore price discovery is effective across markets. The identification of dominant 
markets is addressed using a number of analytical methods within a vector autoregressive 
model. 
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CHAPTER 3 
PRICE DISCOVERY IN THE QUEENSLAND CATTLE MARKET 
AND THE ROLE OF MARKET INFORMATION 
The effectiveness or accuracy of the price discovery mechanism is related to the 
marketing channels available to market participants. A review of the immediate past and 
current channels used in Queensland for the marketing of slaughter cattle is presented 
in this chapter. Price discovery at liveweight auctions is then described, followed by a 
discussion of the role of the Livestock Market Reporting Service in price discovery at 
liveweight auctions. 
3.1 ALTERNATIVE MARKETING CHANNELS FOR SLAUGHTER 
CATTLE IN QUEENSLAND 
As shown above, price discovery in one marketing channel can have major implications 
on prices formed in other channels. This is the case in the Queensland market for 
slaughter cattle, with the live cattle auction being central to price discovery for all cattle 
destined for slaughter. This is primarily because these auctions provide the main source 
of public information on cattle prices throughout the State, in the form of published 
market reports. 
The livestock auction is the traditional method for disposing of slaughter cattle but it is 
by no means the only method. Table 3.1 shows the recent trends in the usage of 
alternative methods of sale for slaughter cattle in Queensland.' Until the mid-1980s, 
direct sales and auction sales were almost equal in terms of the number of cattle sold 
' These figures are based on survey data and can only be regarded as indicative. 
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through these channels. However, over the past five years, direct sales have grown 
rapidly, now accounting for over two thirds of sales of slaughter catfle in Queensland. 
These figures could be interpreted as indicating a decline in the importance of the 
auction in Queensland. However, the importance of the auction extends beyond the 
numbers of cattie sold at auction each year. Live cattie auctions play an integral role in 
the price discovery process for live cattie in Queensland. Not only does the auction act 
as a major marketing channel for the sale of cattie destined for slaughter but the prices 
established at auction form the basis for pricing in the other major marketing channel, 
direct sales to meat processors by private treaty (Hall, 1981). In terms of the figures for 
1991 in Table 3.1, prices formed at auction form the basis for up to 99 per cent of 
slaughter cattie sold each year. In the following sections each of these marketing channels 
is described and their implications for price discovery are discussed. 
3.1.1 Auctions 
There are two types of auction available to live cattie market participants: the open or 
traditional auction and the liveweight auction. The major difference between these two 
auctions is the basis on which price is determined. For the open auction, price is in 
dollars per head ($/head) while with the liveweight auctions, price is in terms of cents 
per kilogram (c/kg) liveweight. For both types of auction, catt;le are assembled at the 
saleyard prior to sale and marshalled into lots. The number of animals in each lot can 
vary between one and approximately 20, the upper limit depending on the age and type 
of animal and the saleyard. 
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Table 3.1: Proportion of slaughter cattie sold by major marketing channel: 
Queensland, 1981 to 1991 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
Number of 
cattie 
slaughtered 
in 
Queensland 
(OOO's) 
1896.7 
2358.1 
2177.4 
2177.7 
2092.2 
2213.4 
2454.4 
2480.6 
2162.1 
2335.7 
2570.1 
Saleyard 
auction 
(%) 
65 
49 
49 
54 
54 
48 
44 
38 
41 
38 
32 
Direct to meatworks 
Paddock 
sale 
(%) 
6 
21 
9 
6 
24 
22 
4 
6 
5 
5 
8 
Weight and 
grade 
(%) 
32 
30 
32 
37 
21 
29 
52 
56 
54 
55 
59 
CALM 
(%) 
NA 
NA 
2 
1 
Source: Statistical Review, Australian Meat and Livestock Corporation, Various Issues; 
Livestock and Meat Comment, Livestock and Meat Authority of Queensland, April 1992, 
and personal communication with LMAQ personnel. 
For liveweight sale at most centres, cattie must be assembled at the saleyard site at least 
twelve hours prior to the sale. During this period, cattle may have access to water but not 
to feed.^  This is to reduce the variation in stomach and gut contents which would 
otherwise affect the weight and dressing percentage of the cattle. This is important at a 
liveweight auction as here the total price paid for a lot of cattie is the product of the 
^ Only rarely are cattle not allowed access to water - this occurs only at yards with a 'dry curfew'. Of 
the LMRS reported saleyards in Queensland, only one, held in Toowoomba on Wednesday afternoon, is a 
dry curfew sale. 
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highest price bid and the actual liveweight of the animals sold. Cattie are weighed either 
before or after the sale, depending on the custom of the saleyard. In Queensland, all 
cattie in liveweight auctions are weighed after sale. 
The auction method used at livestock auctions in Queensland is the English auction. 
Throughout the sale, progressive lots of animals are offered by the auctioneers (usually 
commission agents acting on behalf of the owners of the cattie) and ascending bids made 
for each lot by the buyers until the highest bid is obtained. The lot is sold at the final bid-
price to the bidder offering that highest price. To ensure that sales progress smoothly and 
quickly, a strict time limit is imposed for the sale of each lot in most auction centres. For 
example, at certain saleyards, a lot must be sold within 1.5 minutes of the commencement 
of bidding. 
In the short run, the producers' supply at these auctions can be taken to be fixed or, at 
best, highly price inelastic. While sellers may place reserve prices on their stock, these 
are rarely exercised.^ Parsons (1979) demonstrated the clear cost impediment to the 
withdrawal of livestock from sale. This lack in flexibility of producers to react to changes 
in prices at auction may put the producer at a disadvantage in this particular marketing 
method. However it is potentially more competitive than the other major marketing 
channel, direct sales, with many buyers bidding against each other at auctions. 
' This is a major difference between the traditional auction and electronic auction. In the latter, the 
reserve price does play a real role with cattle being withdrawn from sale if this reserve is not reached during 
the auction. Thus the supply schedule in electronic auction will not be perfectly inelastic. The effect of this 
difference in supply elasticity between traditional and electronic auctions is a subject for future examination. 
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3.1.2 Direct Sales 
Direct methods of marketing differ from the auction in two very significant ways: there 
is no centralised market; and the producer can readily refuse to sell at the offered price. 
Price is agreed upon after individual negotiation between a producer (or his agent) and 
a processor. Direct sales can be of two main types: paddock sale; or direct "weight and 
grade" sale (also known as "over the hooks"). As indicated in Table 3.1, weight and grade 
sales have dominated direct sales for most of the last 12 years, with their dominance 
increasing since 1987. 
For paddock sales, the cattie are generally inspected on the property prior to sale, with 
price being negotiated on a dollars per head or cents per kilogram liveweight basis. With 
the latter basis, the cattie will be weighed at a saleyard en route to the processor's 
destination. 
For "over the hooks" sales, inspection of the cattie prior to sale may or may not take 
place. Price is negotiated on a cents per kilogram hot standard carcass weight basis with 
a discount/premium system built in for quality variations - thus the expression "weight 
and grade". The major disadvantage of this method of sale for the producer, particularly 
the smaller producer, is that quality is determined subjectively by the processor. It is the 
processor who decides what the quality of the cattie is after they are slaughtered, with 
the producer reliant on the integrity of the processor. The degree of subjectivity may have 
been reduced since the introduction of AUS-MEAT accreditation by most large 
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meatworks and all export works.'* However it is not clear whether cattie are being priced 
on a strict AUS-MEAT basis. Under a strict AUS-MEAT pricing system, each animal 
would be priced according to its individual characteristics. Current practice appears to 
use some averaging of quality and price accordingly, closer to the previous 'weight and 
grade' method.* Thus while prices offered have the potential to be closer to accurate 
prices, correctiy reflecting the value of the meat to the processor, the problem of 
averaging means that the information contained in prices is much less clear. 
Another direct but relatively minor method is called "producers' own account" where 
producers sell carcasses directiy to the retailer using a meat wholesaler as a commission 
agent. The agent arranges for the cattie to be processed at a service works and negotiates 
the sale with the retailer on a carcass weight basis. 
The producer appears to have greater flexibility to react to price changes under direct 
selling than with auctions. However, the element of competition may not be as strong. 
Some producers may not have access to a large number of processors; indeed some may 
have access to only one processor. Competition exists in these situations in the form of 
the live auction - buyers know that if too low a price is offered to producers that the 
producers have the option of selling at the closest live auction centre. Thus the prices 
formed at the auctions form the basis for prices at direct sales. The exact relationship 
between prices at auction and at direct sales in Queensland varies over time (Hall, 1981). 
* All export works must be accredited AUS-MEAT works while for domestic works, these may or may 
not be accredited. Although optional, a high proportion have become AUS-MEAT accredited. 
^ Under 'weight and grade' transactions, the price paid for cattle depends on whether the cattle 'made 
the grade' or not. Cattle not making the grade will attract a penalty. However, those high quality cattle 
which exceed the grade quality will not attract any premium. 
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Hall found that prices formed by direct negotiation lag behind prices formed at auction 
in a rising market and lead in a falling market. Prices formed by these two channels are, 
however, intrinsically linked, with the central price apparentiy being the auction price. In 
terms of the analysis of Garbade and Silber (1979), auctions appear to be the dominant 
marketing channel for live cattie in Queensland. 
3.1.3 Electronic Sale by Description 
Another, potentially very important (though still minor in terms of throughput) method 
of sale available to participants in the live cattle market is electronic sale by description. 
This method has been available on a small scale in some States since the early 1980s.* 
However, it is only with the introduction of CALM (Computer Aided Livestock 
Marketing) in mid-1987 that this option has become a widely available zdtemative to 
traditional marketing methods. 
CALM is a national system whereby cattie are sold by auction using a computer 
network.^  Buyers do not inspect the cattie. Instead they rely on a written assessment of 
the cattie for sale which is included in the sale catalogue. CALM retains the centralised 
market aspect of auctions insofar as bids are made competitively for successive lots of 
cattie even though there is no centralised gathering of cattie or buyers. However, CALM 
has potentially many more buyers and sellers than at any conventional auction. With 
CALM, cattle are sold with direct consignment of the cattie from the property to the 
* In NSW, NELCM was introduced in 1982; in WA CLASS was introduced in 1983; in Tasmania the 
Tasmanian Livestock Exchange was introduced in 1983; m Queensland QUEST was introduced in 1984. 
' CALM also operates for sheep and pigs. 
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buyer's destination, usually a meatworks with the buyer meeting the cost of transport. It 
is this aspect of CALM which can potentially offer a great improvement in operational 
efficiency when compared witii the traditional auction. Transport costs may be reduced 
and there will certainly be a reduction in bruising losses and other animal sti-ess related 
costs involved in tiie tianshipment of animals at auction centres.* The short run price 
elasticity of supply is also greatiy increased compared with traditional auctions. A reserve 
price can be placed and applied without great cost to the producer since the cattie do not 
leave the property until the sale is agreed. 
Four options are available for bids: dollars per head, c/kg liveweight, c/kg ceircass weight 
and c/kg carcass quality grid. While the first three of these options are equivalent to 
options available in conventional channels, with the price being an average for the lot 
sold, the fourth represents a significant change. It allows producers, with a range or 
variety of animals for sale, to offer mixed lots and obtain a price applicable to the quality 
of each animal delivered. Each animal in the lot is priced according to a quality grid, 
where the discounts are explicitiy stated for any variations from the desired combination 
of sex, weight, fat depth and age characteristics. These characteristics which determine 
quality are assessed at the carcass stage. It is this scheme which offers the greatest 
potential of all the marketing channels for prices to reflect precisely the value of the 
animals to the processor in terms of yield and value of meat, as well as offering greater 
operational efficiency than traditional cattie auctions. 
* Direct sales to processors, whether paddock or weight and grade sales also benefit from these reduced 
costs. 
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3.1.4 The Live Cattle Futures Market 
As indicated in section 2.3 above, the relationship between the spot (or cash) and futures 
markets has been found elsewhere to be important in the price discovery process for beef 
cattie and other livestock. (For examples, see Weaver and Banerjee, 1982; Oellermann 
and Farris, 1985; Koontz etal, 1990; and Leuthold etal, 1992.) However, although a live 
cattie futures market was established in Australia in 1975, the trading in live cattie 
futures failed to rise above a negligible level at any time during the past ten years. There 
may be a number of reasons for this lack of interest in futures trading. One of these may 
be that producers and processors feel that there is no gap or failure in the existing spot 
market which is the traditional explanation for the development of futures markets. That 
is, spot markets, consisting of the other channels discussed above, may be effective by 
themselves in price discovery. 
3.2 PRICE DISCOVERY AT LIVEWEIGHT AUCTIONS 
While the auction system is generally accepted as providing the necessary degree of 
competition required for pricing efficiency, competition by itself does not guarantee that 
the price discovery system will generate efficient and accurate prices. The process of price 
discovery at auctions can be best explained by examining the behaviour of the market 
participants. Insight may be gained about some of the key factors in price determination 
and price discovery at live cattie auctions. 
As stated above (Section 3.1.1), liveweight auctions are conducted using the English 
auction metiiod. The English auction is a demand revealing mechanism: participants may 
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observe the bidding behaviour of rivals. The process of bidding in the English auction 
actually conveys information about the value of the product to the bidders. A bidder will 
cease to bid when the "on the floor" bid is equal to or greater than his reservation price. 
Bidders can observe the values at which others cease to bid and thus assess the 
reservation price of those bidders. Thus the effect of the English auction is to make each 
bidder's private information about the true value of the product partially public (McAfee 
and McMillan, 1987, p.722). This information is incomplete in that bidders do not know 
the exact value placed on the goods by others. 
Consider the case where there are independent private reservation values held by the 
bidders for the goods. Each buyer knows how much the goods are worth to him but does 
not know the worth to other bidders. In the extreme case where each of these values is 
independent of the value placed on the goods by others, the knowledge of his own 
reservation value conveys no information about the value placed on the goods by others. 
However, in the case of cattle auctions, it is unlikely that the reservation values held by 
the bidders are independent of each other. There is an element of common value: the 
reservation value for a lot of cattie reflects the value of the meat produced from those 
animals which should be more or less constant across buyers. The only difference lies in 
the costs associated with transportation and processing. The anticipated profit to be 
gained from the purchase of the lot of cattie will thus differ only by the difference in 
these costs. However, buyers may have different estimates of the common value, the 
value of the meat produced by the cattie, because of different information they possess. 
This information may concern the amount and quality of the meat yielded from the 
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animals or may relate to tiie market value of this meat. The demand schedules for each 
of the bidders will be related to each other and will not be independent. The bids made 
by buyers will reveal some information to other buyers. For example, a buyer may change 
his reservation values in the light of bids made by others if he believes that his 
reservation value is too far out of line with others. However, differences in the 
information held by buyers may bring about some variation between buyers in the 
valuations of the cattie being sold. This implies that, even after adjustment for all 
observed quality differences, there may be some unexplained variation in prices. This 
variation in prices is not an indication of inefficiencies but rather an indication of 
differing valuations of the cattle which have a basis in, for example, the different cost 
stiuctures of the processors. This has implications for the analysis of Part II of this thesis. 
The producer takes a less active role in the price discovery process. As discussed above 
(section 3.1.1), the producer is basically a price taker once the decision is made to sell 
cattie at auction on a particular day. The producer decides to sell the cattle at auction 
without an exact indication of how much value potential buyers will place on the cattie 
on that day. By making the decision to sell the cattie at a particular auction, the producer 
is exposes himself/herself to the forces of demand and supply at that auction. Producers 
must assess the likely price for their cattie at some time before the sale day. In some 
parts of Queensland, this lead time may exceed a week. Thus, the producer's decision to 
sell must be made on the basis of an imperfect information set, one which may be over 
a week out of date in terms of new market information by the time of the sale. 
To summarise, at any particular auction, buyers are the price setters with 
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producers/sellers the passive price takers. An informational asymmetry exists between the 
buyers and sellers at liveweight auctions. Prices are set by buyers in accord with their 
reservation values for the cattie for sale. These reservation vzduations are dominated by 
the estimated value placed on the meat the cattie will yield and the estimated costs 
associated with the processing of the cattie into meat.' However, their reserve prices will 
also be affected by the prices paid elsewhere throughout the State, that is, by the balance 
of supply and demand at other auctions. Actual bids will tend to be low if excess supply 
exists, with processors accepting the difference between reservation value and amount 
paid as excess profits. Similarly, if supply is low, then profit margins will be squeezed as 
buyers have to offer amounts equal to their reservation values. Most often, buyers will 
have an estimate of the level of excess supply prior to bidding. 
The reservation value placed upon a particular lot of cattle by the buyer may not be set 
at a level consistent with pure profit maximising behaviour. The long run profit 
maximising objective of meat processors need not be consistent with short run profit 
maximisation. Often, particularly when supply is low, the processors may follow an 
objective of maintaining throughput at the abattoir with high fixed costs to be covered. 
Also, processors may have some order requirements which have to be met in the short 
run which may cause the reservation price at the margin to be higher than any return 
which can be made on that particular lot. 
For example, Parsons (1979) and Ward (1983) have carried out analysis relating the average price 
of cattle to the wholesale carcass price, some profit target, and the expected costs of the processor/buyer. 
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3.3 THE QUEENSLAND LIVESTOCK MARKET REPORTING SERVICE 
As shown above, information is central to the efficient operation of the livestock auction 
market. Phillips (1968) considered "information-getting" to be an important, if not 
fundamental part of the marketing process. Adamowicz, Baah and Hawkins (1984) also 
indicated the essential role of information: 
One of the main functions of an efficient market is to facilitate the flow of 
information. The prices resulting from this flow should accurately represent 
the supply and demand situation. (p-462) 
This was recognised by the Australian livestock industry in the late 1970's with the 
introduction of Livestock Market Reporting Services throughout most States. The aim 
was to provide free, accurate and up to date information for the major auction centres. 
The view was that such information was necessary for the efficient discovery of prices. 
As McCallister (1950) stated: 
The role of market news in marketing, quite simply, is to aid the free 
competitive marketing system to do its job better and at lower cost. (p.958) 
Livestock market reporting had been undertaken by agents and other interested parties 
for many years. It was only with the introduction in the late 1970s of publicly funded 
livestock market reporting services (LMRS) provided by various State Statutory 
Authorities that independent market reports compiled by disinterested market observers 
became readily available to all market participants. 
In Queensland, the Statutory Authority responsible for the production of the regular 
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market reports is the Livestock and Meat Authority of Queensland (LMAQ). This 
authority began production of market reports in 1980. Initially, these reports were 
manually compiled. However, the system has evolved progressively over the decade until 
now the process of producing the reports and making them available to the press and 
public is almost entirely computerised. 
When the Queensland Livestock Market Reporting Service (QLMRS) began in 1980 only 
a few saleyards were covered. These were in Brisbane, Toowoomba, Dalby, Rockhampton 
and Townsville. Market reporters, employed by the LMAQ, would attend each auction 
held at these centres and manually record the details of each sale as it occurred. Each 
lot of cattie was visually assessed to allocate them into particular weight-range/fat-score 
categories. The price received and number of cattie sold were then recorded under the 
appropriate category. These data were then transformed to provide a measure of average 
price and also of the range of prices within each category. Only these aggregate data were 
stored, in the form of hard copy, and this was the basis for the market report. 
The categories used for the market reports have changed since the introduction of 
QLMRS. From 1980 to March 1986, the categories used were as shown in Table 3.2.In 
March 1986, a new format was introduced to bring the QLMRS into line with the 
proposed AUS-MEAT groupings: these new groupings are shown in Table 3.3. The 
definitions and groupings were changed again in 1989 (see Table 3.4). The major change 
in 1986 was the introduction of a more detailed breakdown of the weight ranges and in 
the fat scoring system, from one using five grades to one using six. 
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Table 3.2 QLMRS weight ranges and fat scores: 1980-1986 
(i) Sex and liveweight categories (January 1980 - March 1986) 
Sex 
Young Cattle 
Heifers 
Cows 
Steers 
Bullocks 
Bulls 
Age 
No permanent 
incisors 
Generally 2 
permanent incisors 
More than 2 
permanent incisors 
2 or less permanent 
incisors 
2 or more permanent 
incisors 
"^  
Liveweight Range 
(kg) 
81 - 160 
161 - 240 
241 - 320 
321 - 400 
over 400 
All weights 
320 and under 
321 - 480 
over 480 
400 and under 
401 - 480 
481 - 560 
561 - 640 
over 640 
480 and under 
481 -600 
over 600 
(ii) Fat scores (January 1980 - March 1986) 
Fat scores were assessed with reference to a diagrammatic guide to the butt 
profile associated with various fat scores. Five profiles, corresponding to fat 
scores 1 to 5, were provided to aid the process of fat scoring. 
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Table 3.3 QLMRS weight ranges and fat scores: 1986-1988 
(i) Sex and liveweight categories (March 1986 - December 1988) 
Category 
Vealers 
Yearlings/ 
young 
cattie 
Cows 
Steers/ 
bullocks 
Heifers 
Bulls 
Description 
Calves and mother-raised 
vealers (male and female) 
Milk or 2 permanent teeth 
(up to approx 2 years) -
male and female 
Females, 8 permanent teeth 
(over 4 years approx) 
Steers, 3 or more permanent 
teeth (approx 2 years and older) 
Females, 3 - 7 permanent 
teeth (2 - 4 years) 
Entire male showing bull 
characteristics 
Liveweight 
Range (kg) 
to 75 
76 - 130 
131 -210 
211 -280 
over 280 
to 280 
281 - 370 
over 370 
to 320 
321 - 420 
421 - 520 
over 520 
to 370 
371 - 450 
451 -500 
501 - 550 
over 550 
to 370 
371 - 450 
over 450 
to 350 
351-540 
over 540 
(ii) Fat scores (March 1986 to current) 
Fat score 
Rump fat 
depth (mm) 
1 
0 - 2 
2 
3 - 6 
3 
7 - 12 
4 
13-22 
5 
23 -32 
6 
over 32 
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Table 3.4 QLMRS weight ranges: 1989-Current 
Sex and liveweight categories (January 1989 - current) 
Category 
1. Calves 
Vealers 
2. Yearlings: 
Male 
3. Yearlings: 
Female 
4. Cows 
5. Steers and 
bullocks 
6. Heifers 
7. BuUs 
Description 
Male or female cattie less than 6 
months old 
Male or female cattie with no 
permanent teeth (less than approx 
12 months old) and still sucldng 
Casti^te or male cattie not showing 
bullish traits with no more than 2 
permanent teeth (12-30 months 
old) 
Female cattie with no more than 2 
permanent teeth (about 12-30 
months old) 
Female cattie with 8 permanent 
teeth (about 4 years or older) 
Castrate or male cattie not showing 
bullish traits with 3 or more 
permanent teeth (about 30 months 
or older) 
Female cattie with 3 to 7 
permanent teeth (about 2.5 to 4 
years of age) 
Male and castrate male cattie of 
any age showing bullish traits 
Liveweight 
Range (kg) 
0 - 75 
75.1- 130 
130.1-210 
210.1-280 1 
over 280 
0-280 
280.1-370 
370.1-440 
over 440 
0-280 
280.1-370 
370.1-440 1 
over 440 | 
0-320 1 
320.1-420 
420.1-520 
over 520 
0-440 
440.1-500 
500.1-550 
over 550 
0-440 
over 440 
0-450 
450.1 - 600 
over 600 
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Currentiy there are 15 fully operational market reporting centres for slaughter cattle in 
Queensland.'° These centres, along with the dates at which each centre was first 
reported, are shown in Table 3.5. Also indicated in Table 3.5 is whether the sale is "live" 
or "remote". The procedure for the collection of data for the market reports varies 
according to this factor and this difference is found to be important for the analysis 
reported in Chapter 7. 
At the five live centres, indicated on Table 3.5, a part-time employee of the QLMRS 
attends each auction where he assesses each lot of cattie and estimates the average 
liveweight (kg) and the average carcass fat depth (mm), as measured at the rump site. 
These estimates plus the number of animals in the lot and the unit price received for the 
lot sold are recorded on a hand-held data capture device for every lot sold. The order in 
which the lots are offered for sale is automatically recorded. At the conclusion of the 
sale, this information is downloaded to the host computer in Brisbane via a modem and 
telephone line link-up. For the remote centres, the data collector is the independent 
employee of the saleyard and is responsible for the weighing of the cattie following their 
sale. The actual average liveweight of each lot sold is recorded and the fat depth 
estimated as the cattie are weighed at the conclusion of the sale. The number of cattle 
in the lot and their order of sale is also collected. 
For both types of centres, a summary market report is made up immediately upon receipt 
of the data. After checking, this report is available to the public, usually within a very 
'" Store cattle sales are also reported by the LMRS and this section of its service expanded in the late 
1980's,with a new reporting system developed specifically for this purpose. 
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Table 3.5 Auctions reported by the QLMRS 
Auction centre 
Brisbane 
Toowoomba 
Dalby 
Rockhampton 
Townsville 
Warwick 
Mareeba 
Murgon 
Monto 
Clermont 
Emerald 
Roma 
Inverell 
Charters Towers 
Day of sale 
Tuesday 
Monday 
Tuesday 
Wednesday 
Wednesday 
Monday 
Wednesday 
Tuesday 
Tuesday 
Tuesday 
Wednesday 
Tuesday 
Tuesday 
Thursday 
Tuesday 
Thursday 
Form 
Live 
Live 
Live 
Live 
Live 
Remote 
Remote 
Remote 
Remote 
Remote 
Remote 
Remote 
Remote 
Remote 
First reported 
January 1984 
(last report: March 
1991) 
January 1984 
January 1984 
January 1984 
January 1984 
July 1984 
June 1985 
January 1986 
July 1986 
July 1986 
July 1987 
July 1987 
December 1987 
March 1986 
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short period after the conclusion of the auction. It is available in elecU-onic form, via 
direct computer access, facsimile or telex, and is published in local rural press and 
broadcast over the radio. An example of a typical market report is shown in Table 3.6. 
Note that while the cattie are assessed in terms of weight in kilograms and fat depth in 
millimetres, in the reports the animals are grouped in weight ranges and fat scores. This 
transformation of supposedly continuous data into categorical groups for the purposes of 
the reports is expected to have an impact on the nature of the estimates of the 
supposedly continuous data recorded by the market reporters. This nature and 
significance of this impact is discussed further in Chapter 7. 
In addition to the prices achieved at the auction for the different weight-range/fat-score 
categories, the market reports also contain a brief verbal report of each day's sales and 
an indicator of the general statewide movement in slaughter cattie prices, the Queensland 
Cattie Market Index. This price index summarises price movements for the major cattie 
descriptions and for the major regions. Finally an estimate is given of the number of 
cattie yarded for sale at the auction that day, an indicator of supply conditions. This is 
the total of all types of cattie for sale and may not be particularly useful for estimating 
supply conditions for specific types of cattie. 
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Table 3.6 A typical market report from the QLMRS 
CATTLE MARKET REPORT LMRS REPORTS ROCKHAMPTON 25 JUNE 1990 
Description 
Liveweight 
Fat 
score 
Liveweight price (cents/kg) 
Lowest Highest 
Vealers 
0 to 75 kg 
76 to 130 kg 
131 to 210 kg 
Yearling Steer 
0 to 280 kg 
281 to 370 kg 
371 to 440 kg 
Yearling Heifer 
0 to 280 kg 
281 to 370 kg 
371 to 440 kg 
Cows 
0 to 320 kg 
321 to 420 kg 
421 to 520 kg 
over 520 kg 
Steers 
0 to 440 kg 
441 to 500 kg 
501 to 550 kg 
over 550 kg 
Heifers 
0 to 440 kg 
over 440 kg 
Bulls 
0 to 450 kg 
451 to 600 kg 
over 600 kg 
1 
% 
3 
2 
3 
4 
i 
3 
4 
3 
4 
5 
3 
4 
3 
4 
156.2 
120.0 
78,2 
80,0 
100.0 
112.0 
54.2 
68.2 
94.2 
68.2 
70.0 
90.2 
80.2 
85.2 
84.0 
86.2 
87.2 
96.2 
87.2 
100.2 
90.8 
102.0 
108.2 
120.0 
109.2 
119.6 
118.6 
115.0 
120.0 
115.0 
75.0 
76.0 
85.6 
98.0 
111.2 
98.0 
70.0 
96.2 
84.2 
to 156.2 
to 120.0 
to 
to 
lo 
to 
to 
to 
to 
2
 22 
2222 
22
 2 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
108.2 
117.6 
105.0 
112.0 
65.0 
90.2 
98.0 
90.2 
109.2 
115.4 
80.2 
87.2 
115.8 
113.2 
87.2 
109.8 
111.8 
100.2 
100.2 
121.8 
116.0 
120.0 
123.2 
126.0 
125.4 
129.0 
122.0 
131.8 
75.0 
97.4 
117.0 
114.8 
116,2 
116.8 
100.0 
115.2 
130.2 
Average 
Number 
recorded 
156 
2 
3 
2 
3 
2 
3 
2 
3 
90.0 
119.8 
75.0 
114.8 
92.0 
100.0 
90.0 
104.4 
to 
to 
to 
to 
to 
to 
to 
to 
90.0 
159.2 
108.2 
125.2 
107.2 
121.0 
90.0 
125.0 
90 
127 
92 
121 
102 
115 
90 
116 
2 
19 
2 
11 
10 
82 
2 
12 
120 
97 
107 
105 
112 
60 
83 
97 
84 
89 
109 
86 
93 
% 
87 
100 
97 
100 
95 
115 
112 
120 
118 
124 
122 
124 
121 
129 
75 
86 
105 
110 
116 
109 
92 
107 
113 
21 
102 
21 
1 
2 
6 
7 
26 
101 
10 
2 
5 
252 
107 
3 
7 
6 
2 
20 
62 
2 
3 
56 
66 
21 
84 
19 
335 
1 
43 
200 
28 
14 
73 
18 
25 
27 
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3.4 THE ROLE OF THE LIVESTOCK MARKET REPORTING SERVICE 
IN PRICE DISCOVERY AT QUEENSLAND AUCTIONS 
The information supplied by the QLMRS reports should aid in both stages of the price 
discovery process discussed above in section (2.2.3). In the first stage, where the general 
level of prices is discovered, market participants can examine the most recent market 
reports both for their closest market and more distant ones to get an overall indication 
of market movements. This would include a quantitative view on what is happening to 
prices of different types of cattle around the state and also to the overall level of prices 
via the Queensland Cattie Market Index, pubhshed in each report. Buyers and producers 
may both benefit from this information. 
At the second stage of the price discovery process, producers should be able to use the 
QLMRS reports to obtain a clearer picture of the relative strength of various sectors of 
the market. It is here that the preferences of the consumer should be reflected in the 
relative prices of the different qualities of animal (Adamowicz etal, 1984). However, it 
is possible that excess supply of one type or quality of cattie could depress their price 
while a shortage of another type or quality of cattie could inflate the prices paid for these 
types of cattie. Thus premiums and discounts may reflect supply as well as (consumer) 
demand conditions. 
The QLMRS reports include information on the prices paid for adl the combinations of 
sex/age/weight/fat sold at the auction. From this, producers can assess whether it is 
likely to be more profitable to sell animals now, at their current weight, or whether to 
fatten them further to meet the criteria of a different sector of the market. (These 
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criteria are outiined and the relative sizes of the different sectors of tiie market for 
slaughter cattle are given in Appendix 3.1.) 
Producers must form some price expectation in deciding whether to send their livestock 
to auction or not. With the advantage of the information available in the QLMRS 
reports, these price expectations may be more accurate and may allow better decisions 
as to the place and time at which to sell their cattie. However, the when-to-sell decision 
for producers of a commodity such as live cattie may be more complex than that for 
producers of other commodities such as grain. Grain must be harvested by a certain time 
and can then be stored in raw (unchanged) form until the producer decides to sell. For 
cattie, the product continues to transform over time. The decision is whether to sell young 
cattie now, whether for store or slaughter, or to hold the cattle and sell as more matijre 
steers or heifers at a later date. The decision becomes even more complicated if keeping 
certain animals for breeding stock is also an option. 
It can be seen from a brief look at the complexity of the marketing decision-making 
process for a cattie producer that not all the information required to make these 
decisions is contained in the QLMRS reports. For example, expectations would also have 
to be formulated about the likely strength of future demand and supply in the different 
sectors of the cattle market. The "backward looking" QLMRS reports may not be very 
helpful in regard to forecasting future prices. 
The marketing decisions faced by the processors are more straightforwzird. Processors 
participating in the export tender market may already hold orders for meat which must 
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be met. Their decision, in this instance, is where to buy tiie appropriate cattie to meet 
this order at the minimum price (including ti-ansportation and other transfer costs). If this 
leaves the processors with excess capacity in their abattoirs, they may decide to buy more 
cattie than required immediately, for tiie domestic market or for future export. For the 
processors, the information in the QLMRS reports will give them an insight into the 
range of premiums and discounts applying to different segments of the market and 
throughout the State. Some degree of substitutability exists within segments of the market 
and information on price differences can aid buyers in forming their views on relative 
prices more precisely. 
However, the mere availability of market information will not guarantee that the price 
discovery process will generate efficient and accurate prices. As McCallister stated: 
One thing, of course, that market news cannot do is ensure that the 
information will be used with equal intelligence and skill by both buyers 
and sellers who receive it. (McCallister, 1950, p.959) 
In the following two Parts of the thesis, the efficiency and accuracy of prices discovered 
at liveweight auctions in Queensland with the aid of the market information provided by 
the QLMRS are examined. 
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APPENDIX 3.1 
THE MARKET FOR SLAUGHTER CATTLE 
IN QUEENSLAND 
There is no one market for slaughter cattie in Queensland. Cattle are demanded for 
their meat yield. Different cattie yield different types of meat, each appealing to a 
different segment of the market. In Australia, there is a major and convenient division 
in the beef market - between meat for the domestic market and meat for export, export 
meat making up between 55 and 60 per cent of production. For Queensland, the export 
market is even more dominant, with over 75 per cent of production exported. The most 
important difference between the meat which is exported and that consumed domestically 
is the age of the cattie from which the meat is obtained. 
Domestic tastes, as confirmed by Kingston et al. (1988), favour meat coming from young 
cattie, less than two years old. The market for finished vealers, yearlings and light steers 
and heifers is, therefore, dominated by local demand (see Table A3.1). Thus it is 
influenced by factors which affect the demand for beef in Australia such as income levels, 
prices of substitute products such as chicken, lamb and pork and, of course, consumer 
tastes.' 
The export market is primarily concerned with the heavier and/or older animals. Exports 
are a very important segment of the Queensland beef market. In the year ended June 
1991, nearly three quarters of Queensland beef production was exported.^ The major 
exports for Australian beef are the USA, Japan, Canada and Taiwan. Currentiy these 
countries account for over 90 percent of total Australian exports of beef and veal. 
A high proportion of Japanese demand is for very heavy steers, dressed weight exceeding 
300 kg - the so-called 'Jap Ox' - and, as indicated in Table A3.1, the Japanese dominate 
' Consumer tastes are influenced in the long run by changes in demography, the age structure of the 
population, promotion schemes, etc. 
^ Over the period 1980 to 1991, this proportion has varied between 69 and 80 percent. 
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this sector of the market. About 40 percent of exports to Japan come into the category 
of high quality chilled/aged beef' This represents approximately 8 percent of total beef 
exports. The high quality of the Japanese market is indicated by the figures in Table 
A3.2. While, by volume, Japan makes up 22 percent of the export market, by value this 
increases to 26.5 percent. Taiwan also imports higher than average quality beef, while 
Canada and the USA import a much higher proportion of lower valued manufacturing 
meat. 
The sectors of the market dominated by exports are bull meat, used as manufacturing 
meat, cow meat, particularly from tiie thinner animals, also used as manufacturing meat, 
and the high quality Jap-Ox sector. Factors affecting the demand, and therefore in the 
short run the price in these export sectors are quite different from those in the domestic 
market. Exchange rate movements affect the price overseas of Australian meat and this 
in turn affects demand. The state of the beef industry in the importing countries, and the 
degree of protection/legislation which the Australian exports face, will also affect the 
ability of Australian meat to compete in these markets. Although the domestic market 
is predominantiy for lighter and younger cattie and the export market for heavier and 
older cattie, one cannot conclude that there is a complete separation of the market on 
a weight/age basis. 
Any such separation would be greater in the short-run than in the long-run. However 
there are carcass types in the middle ranges which can be used to satisfy either export or 
local demand (see Table A3.1). These include the heavier heifers which may be 
consumed here or exported to the US or Korea, young cows which can be used similarly, 
and medium weight steers which can go to satisfy local or export demand. Some animals 
may even be used for both markets. For example, heavy steers (450-550 kg liveweight) 
provide different cuts of meat, some for domestic consumption, some for export. The 
problem is that these different sectors of the market are governed by differing forces 
which can be operating in 
Japan alone accounts for nearly 90 percent of the more expensive chilled meat exports. 
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Table A3.1 Major 
Category: Liveweight 
(kg approx) 
Steers 
over 550 
Steers 
450 - 550 
Steers 
370 - 450 
Heifers 
370 - 450 
Yearlings 
280 - 370 
Cows 
over 420 
Cows 
over 320 
Bulls 
over 540 
destinations of selected 
Major 
destination 
Japan 
Export and 
Domestic Cuts 
Export and 
Domestic Carcass 
Export and 
Domestic Carcass 
Domestic Carcass 
Export and 
Domestic Cuts 
Export 
Manufacturing 
Export 
Manufacturing 
slaughter cattle categories 
Carcass weight 
(kg) 
over 300 
250-300 
200 - 250 
210-235 
210 - 245 
over 200 
over 150 
over 300 
Optimal 
Fat Score 
4 
3 and 4 
3 and 4 
3 and 4 
4 
3 and 4 
1 and 2 
^ 
Source: Market Notes, Livestock and Meat, Export Marketing Group, Australian Meat and Livestock 
Corporation, Various Issues. 
Table A3.2 Share by volume and value of Australian beef exports taken by the major 
markets since 1987 (percentages) 
A: By Volume 
1987 
1988 
1989 
1990 
1991 
USA 
60.2 
62.3 
48.7 
49.5 
49.9 
Japan 
22.0 
20.5 
29.8 
27.5 
26.8 
Canada 
6.0 
6.4 
4.3 
4.5 
3.9 
Taiwan 
4.7 
4.6 
5.0 
4.3 
4.2 
Korea 
-
-
6.8 
9.0 
11.1 
B: By Value 
1987 
1988 
1989 
1990 
1991 
USA 
54.1 
56.6 
40.5 
42.9 
43.2 
Japan 
26.5 
24.7 
38.0 
34.7 
36.6 
Canada 
5.5 
6.1 
4.0 
4.2 
3.2 
Taiwan 
5.1 
5.1 
5.4 
4.8 
4.4 
Korea 
-
-
5.2 
6.9 
7.5 
Source: Calculated from figures in Statistical Review, Australian Meat and Livestock Corporation and 
Foreign Trade: Exports, Australian Bureau of Statistics, Various Issues. 
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opposing directions. It may not, therefore, be useful to think in terms of the overall 
market and particularly of price movements in the overall market. In the short term, 
prices may be moving in one direction in the market for locally demanded cattie while 
the price trend for export cattle may be moving in the opposite direction. This situation 
may continue for some time (days or even weeks). From the point of view of producers 
too, there are producers who are primarily involved in the export market and others 
largely involved in satisfying local demand. 
However there is some danger in considering the market for export and the market for 
domestic-type beef as distinct markets. Except in the very short run, prices will not move 
totally independentiy - more technically, cross price elasticities between the different ages 
and sexes of cattie will not be zero except in the very short term. Cochrane (1957) warns 
of this and the difficulties of defining operational criteria for the setting of boundaries 
to markets. He suggests that markets are indeed commodity-wide for many agricultural 
commodities, including beef cattle. 
While theoretically, it may be inadvisable to segment the market for cattie as indicated 
above, for the purposes of more useful analysis, it seems that this will be necessary. This 
is discussed further below (Chapter 7). 
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PARTE 
PRICE DISCOVERY FOR HETEROGENEOUS PRODUCTS 
In Chapter 2, two separate aspects of price discovery at Queensland cattie auctions were 
identified for detailed examination: price discovery for heterogeneous products; and price 
discovery at spatially separate markets. The first of tiiese issues is addressed in tiie 
following six chapters. 
The methodology used to address this aspect of price discovery, hedonic price analysis, 
is reviewed in Chapter 4, followed by an examination of tiie common econometric 
problems which arise in this type of analysis (Chapter 5). The variables to be included 
in the hedonic price functions are discussed in Chapter 6. Two separate data sets are 
used for the estimation of hedonic price functions for slaughter cattie in C i^eensland. In 
Chapters 7 and 8, tiie QLMRS data set is used to investigate the ability of the QLMRS-
reported characteristics to explain price behaviour. This analysis allows the usefulness of 
these market reports to be assessed and also provides an indication of the likely level of 
pricing accuracy. The extent of pricing accuracy, and the associated efficiency of prices 
is further examined in Chapter 9, using an extended data set. The importance of the 
additional characteristics which are not currentiy included in market reports in price 
determination is assessed with regard to their potential for inclusion in market rqxjrts. 
CHAPTER 4 
HEDONIC PRICE ANALYSIS: A REVIEW 
An indication of the information content of auction prices and thus an indication of the 
accuracy of price determination, may be obtained by examining the extent to which 
variations in price can be explained by variations in the characteristics of tiie product 
sold, which in this study is live cattie. Hedonic price analysis, in which tfie price of a 
specific lot of cattie is related to the characteristics of that lot, may be a useful analytical 
framework. The value of the live cattie is directiy related to the value of tiie meat 
obtained from the carcasses derived ft-om tiie cattie in the lot, which, in turn, is related 
to tiie physical characteristics possessed by tiie cattie. The resolution of which of tiiese 
physical characteristics are the most important for determining the price of live cattie has 
implications for market reporting. Hedonic price analysis can be used to identify which 
characteristics are most significant in determining price, and can also reveal the extent 
of price variation which is left unexplained by the variation in characteristics. If the 
proportion of price variation left unexplained is high, there must be serious reservations 
about the usefulness, in terms of information content, of price reports. 
In the first section of this chapter, the economic foundations of the hedonic price analysis 
technique are discussed. This is followed by a review of the literature in which hedonic 
price analysis has been used to investigate tiie pricing of agricultural products. 
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4.1 THEORETICAL FOUNDATIONS OF HEDONIC PRICE ANALYSIS 
The homogeneous product of neoclassical economics is a rare thing in reality. It is more 
realistic to consider the pricing of heterogeneous products and to do this within tiie 
context of hedonic price analysis. With hedonic price analysis, the characteristic is the 
basic homogeneous element, with the heterogeneous product being a composite of 
homogeneous characteristics. Different products can be formed by combining the same 
characteristics in different proportions. Thus the multitude of types and varieties of a 
particular product can be comprehended in terms of a much smaller number of 
characteristics. This feature allows the technique to be useful in the evaluation of 'new' 
products and, of more relevance to the current study, in tiie analysis of quality differences 
between products. In the following section, the tiieoretical foundations of hedonic price 
analysis are discussed with reference to the derivation of hedonic price models for both 
consumer and producer goods. 
4.1.1 What is Hedonic Price Analysis? 
Hedonic price analysis is based on the premise tiiat tiie price of a heterogeneous good 
is a function of tiie characteristics or attributes of tiiat good. When the prices being 
analysed are for final consumption goods, it is assumed tiiat in making the decision to buy 
a particular good, consumers are in fact choosing a group of characteristics from which 
they will derive some utility. 
For example, Lancaster (1971), in his seminal discussion of hedonic price analysis, 
provided tfie following example. In purchasing a car, a consumer chooses a car which will 
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give him/her, for a particular price, tiie greatest utility, tiiat is, tiie best combination of 
characteristics: engine size, interior capacity and external size, style, colour and so on. 
Implicit in tiie price paid for a product is tiie valuation of tiiese characteristics. By 
observing the prices paid for different models, it is possible to have tiiese implicit 
valuations revealed. 
One major concern of hedonic price analysis is the evaluation of the implicit prices of 
characteristics of products. For some researchers, this is the only concern of their analysis. 
Their aim is provide information on these prices to improve the ability of 
producers/sellers to make correct production and marketing decisions. The knowledge 
of the implicit values of certain quality characteristics of their product may enable the 
producer to change their production and/or marketing techniques to improve their 
returns. (For example, see Jordan et al, 1985; and Unnevhr, 1986.) 
Other researchers have extended hedonic price analysis by using the hedonic prices to 
estimate the demand for characteristics. A separate and large literature exists on this 
approach, stemming from Rosen's seminal work (1974) and developed by Brown and 
Rosen (1982), Freeman (1979) and Epple (1987) among otiiers. 
For the present study, as with most previous studies of agricultural products, the aim is 
the measurement of implicit prices rather than the estimation of a demand function for 
tiie characteristics. In particular, the present study is concerned with tiie extent to which 
price variation can be explained by variation in the characteristics of the product and its 
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associated implications for pricing accuracy and efficiency. Also addressed, using tiiese 
techniques, is the extent of information conveyed by market price reports. 
4.1.2 An Hedonic Price Model for Consiuner Goods 
The theoretical foundations of hedonic price analysis as it related to final consumer 
prices were first laid down by Theil (1952) and Houtiiakker (1952) in tiie early 1950s, 
developed further by Gorman (1980) in 1956 and especially by Lancaster (1971). They 
argued that the utility derived by a consumer depends not only on the quantity of goods 
consumed but also on the characteristics possessed by those goods. Lancaster was tiie first 
to develop formally the model from which the hedonic price function was derived. 
The problem facing the consumer is a constrained utility maximisation problem. Letting 
U be the utility function of the consumer, the problem is to maximise 
subject to Y^^a^i = ^ o -(4.2) 
i - i 
and Y^p.q, < I ...(4.3) 
where p. is the price of the ith product; i = l,2,..,n; 
q. is the quantity of the ith product consumed; 
x^ is tiie quantity of tiie ;th characteristic provided by one unit of tiie 
/til product, or the characteristic input-output coefficient for the 
product; j= l,2,..,m; 
I is the consumer's (fixed) income; and 
x^ is tiie total amount of tiie ytii characteristic yielded by tiie 
consumption of all products. 
The only quantities which can be varied by tiie consumer are tiie quantities qj, tiie 
characteristic input-output coefficients Xij being parameters, set by tiie producere of the 
m 
product. The first order conditions for tiiis maximisation problem yield tiie results on 
which all applied hedonic price analysis for consumer goods is based: 
if the product / is purchased, that is, qi>0, 
where ^ is the marginal yield of tiie /th characteristic by the /th product; and 
if 
— is the marginal rate of substitution between income and tiie ;tii 
&^. 
characteristic, or the marginal implicit price of the ;th characteristic. 
That is, if tiie product / is purchased, tiie price of the ith product is the sum of the 
marginal implicit prices of the characteristics multiplied by their marginal yield in the 
consumption of the quantity of product / purchased. The marginal implicit price, or 
hedonic price of a characteristic is interpreted as the value the consumer places on an 
additional unit of that characteristic. Equation (4.4) represents the hedonic price function 
for a final consumption good. 
The assumptions on which the above analysis is based are restrictive. In particular, the 
assumptions of linear consumption technology and of the independence of the utility 
function from the distribution of characteristics among products have been questioned 
by some authors (Lucas, 1975; Ladd and Suvannunt, 1976). These assumptions have been 
relaxed in a more general model with the general result remaining: that the price paid 
for a product equals the sum of the marginal yields of the characteristics provided by the 
product multiplied by the marginal implicit prices of the characteristics (Ladd and 
Suvannunt, 1976). In particular, the relationship between product price and product 
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characteristics is consti^ned to be linear by tiie fixed characteristic input-output 
coefficients. By ti-eating the x,j of equation (4.2) as a variable, rather than fixed 
parameter, tiiis restriction may be removed. A final variation on tiiis model was 
developed by Ladd and Zober (1977, 1979) witii utility a function, not of tiie 
characteristics of tiie product, but tiie services rendered by tiiese characteristics. Again 
an equivalent relationship is found between tiie price paid for a product and its 
characteristics. 
It should also be noted tiiat tiie hedonic price function represented by equation (4.4) is 
that for an individual consumer whose utility function is represented by equation (4.1). 
The same aggregation problems encountered in classical demand theory are implicit in 
hedonic price analysis. This issue is discussed further below (Section 4.2.1). 
4.1.3 An Hedonic Price Model for Producer Goods 
The utility maximising model outlined above is not strictiy applicable when the product 
purchased is not a final consumption good but an input into some further process. Utility 
is no longer tiie appropriate measure to be maximised. Productive firms are usually 
concerned with the maximisation of revenue or profit, not utility. The treatment of the 
demand for input characteristics was first discussed by Ladd and Martin (1976) and 
extended byWestgren and Schrader (1977). This approach is of central relevance for the 
analysis reported in tiiis tfiesis and is discussed in detail. 
A firm produces a number of outputs, using a variety of inputs. The constrained 
optimisation problem faced by tiie firm is to maximise profit subject to tiie production 
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function of the firm. The key difference between this approach and that of standard 
neoclassical theory is that productive inputs are demanded because of the characteristics 
they possess. The production function for product /i is a function of the various input 
characteristics used in the production of h. The characteristics used are themselves 
related to the quantities of inputs used, via a set of input-output coefficients. 
Let: Ph be the price received for product h; 
qj, be the quantity of product h produced; 
rj be the price paid for the ith input; 
Vjj, be the quantity of input / used in the production of product h; 
Xjih be the amount of characteristic ; provided by one unit of input / in the 
production of product h; and 
Xjhbe the total amount of characteristic ; used in the production of product h. 
The production function for the firm for product h is given by: 
The total quantity of characteristic ; used in the production of h, Xj^ is given by: 
The profit function which is maximised by the firm is given by: H H n 
^ = E/'A(^i./.'^2./.'""^m./) - Y.Y.n^iH 
/i=i h=l 1=1 
.(4.7) 
Differentiating the profit function with respect to VQ,, and solving for r; 
= E 
/i=i 
PHYI 
h j.h 
M ^X-H 5v^ 
.(4.8) 
where •' 
5v ih 
is the marginal yield of characteristic ; in the production of product 
h, using input /; 
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5^. . . . 
IS tile marginal physical product from using charactenstic ; to 
^XjH 
produce product h; and 
5F, 
Pi^—- is the value of this marginal product, or the marginal implicit price 
paid for the /th characteristic used in the production of h. 
Equation (4.8) is therefore the hedonic price function for input /. 
Thus the price paid for an input varies with the marginal physical yield from the use of 
the characteristics in the production of particular outputs, with the prices of the outputs, 
and with the marginal yield of a characteristic in the production of each output ft-om a 
particular input. 
4.2 IMPLICIT ASSUMPTIONS OF THE HEDONIC PRICE MODEL 
From the above discussion it can be seen that the price of a heterogeneous product can 
be considered as some function of the characteristics possessed by that product. The 
estimated form of the equation is usually written simply as: 
Pi =M;^ i2 ' " - -^ J •••(4-9) 
where Pi is the price of the ith heterogeneous product, and 
Xj is, as before, the quantity of the /th characteristic provided by one unit of 
the ith product. 
Variables otiier tiian quality attributes may also be incorporated into the estimating 
equation. 
The marginal implicit price of a quality characteristic is found as the partial derivative 
of the estimated hedonic price function with respect to a unit change in the quantity of 
73 
tiie characteristic possessed by the product. This value will vary witii the quantity of the 
characteristic held by the product, unless the hedonic price function is specified as a 
linear function of the characteristics. The choice of functional form is discussed below 
(Section 5.1). There are a number of assumptions implicit in the estimated form of the 
hedonic price function represented by equation (4.9). 
4.2.1 Aggregation over Individuals 
The hedonic price functions, equations (4.4) and (4.8), derived above are for an 
individual consumer or individual firm. They can be extended to a number of consumers 
or firms only if the assumption is made that all consumers share a common utility 
function, represented by equation (4.1), or all producers face the same production 
function, represented by equation (4.5), an assumption which is clearly not justified in any 
applied analysis. If producers and consumers are allowed to have different utility and 
production functions, an aggregate hedonic price function may be estimated, with the 
price of tiie product being a function of the characteristics possessed by the product, as 
in equation (4.9), but care must now be taken in the interpretation of the hedonic prices 
of quality characteristics derived ft^om such an aggregate function. The marginal implicit 
prices of tiie characteristics are found by taking the derivative of the estimated function, 
as before, but tiiese now must be interpreted as an average of the marginal values: how 
much, on average, those buying tiie heterogeneous product will be willing to pay for an 
extra unit of the characteristic. This will be a more meaningful concept where large 
differences do not exist between consumers, or between producers, in their valuations. 
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In this sense, some doubt must be cast on tiie validity of hedonic price analysis conducted 
in the context of consumer goods, where there may be very large differences between the 
utility functions of individual consumers. In the context of the current analysis, tiie 
hedonic price analysis will have most meaning if few differences exist between the 
production functions of meat processors. The major source of any difference is expected 
to be related to the scale of production of the meat processor. 
4.2.2 The Stability of Demand and Supply 
The hedonic price function is not a demand function nor is it a supply function. The 
hedonic price function reflects the result of these two groups of market forces. In some 
static analyses, quantity supplied is deemed to be fixed and independent of price. Changes 
in price, revealed in the hedonic price function, thus reflect changes on the demand side 
only. For any longitudinal study, such an assumption is not valid. Supply will vary over 
time and the implicit prices revealed by estimating one hedonic price function for a 
number of years may not be meaningful. Potential estimation problems posed when time 
series data are used to estimate hedonic price functions are discussed further in the next 
chapter in Section (5.3) and the implications of this for tiie present study are discussed 
in Chapter 7 (Sections 7.2 and 7.4.4). 
4.2.3 The Competitive Nature of the Market 
Implicit in the hedonic price approach are the assumptions of the competitive market 
model. In particular, there must be a diversity of buyers and sellers in the market, and 
variability in the groupings of characteristics within the products being traded. If a good 
exhibiting a particular characteristic is traded lightiy, then the value of this particular 
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characteristic may be difficult to determine. As witii any regression analysis, the most 
reliable results come from a data set where tiiere is significant variation in tiie variables 
being analysed. 
4.3 PREVIOUS EMPIRICAL STUDIES 
Much of the early work on hedonic price analysis was on cars, tractors and other 
manufactured goods. (See, for example, Fisher et al., 1971; Griliches, 1961; Dhrymes, 
1967; Fettig, 1967; Kravis and Lipsey, 1969.) Since tiien, hedonic price studies have 
examined many problems in the area of agricultural, urban and, most recentiy, 
environmental economics. Ladd (1978, 1982) presents a summary of hedonic price 
studies, primarily in the area of agricultural economics, carried out up to 1981. Streeting 
(1990) examines the use of the hedonic price technique for the analysis of non-marketed 
environmental 'goods'. For the remainder of this section on previous empirical work, tiie 
discussion is restricted to studies concerned with agricultijral commodities. In the next 
chapter, studies in the area of urban and environmental economics are referred to for 
their contribution to specific aspects of the estimation of hedonic price functions relevant 
to this study. 
4.3.1 The Valuation of Characteristics of Agricultural Products 
Many studies have used hedonic price analysis to explore the implicit value of quality 
characteristics in agricultural products. Waugh was the first to undertake this kind of 
analysis in 1928, albeit without any formal model. As Ladd summarises Waugh's analysis: 
He collected information on wholesale prices and characteristics of individual lots 
of asparagus, tomatoes, and cucumbers on the Boston wholesale market. For each 
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lot of vegetables, he computed tiie ratio of tiie price of tiiat lot to tiie average 
price of all lots of tiiat vegetable tiiat were sold on tiie same day. He regressed 
tills ratio on measures of product characteristics and converted tiie regression 
coefficients into season average prices of characteristics. (Ladd, 1982, pp. 18-19) 
Waugh concluded: 
There is a distinct tendency for market prices of many commodities to vary witii 
certain physical characteristics which tiie consumer identifies with quality, and the 
relation of tiiese characteristics to prices may in many cases be fairly accurately 
determined by statistical analysis. (Waugh, 1929, p.87) 
Thus the principle of applying hedonic price techniques to address some of the issues in 
the analysis of markets for heterogeneous agricultiiral products is over sixty years old. 
The price of individual lots of tiie product can be regressed, using fairly simple statistical 
techniques, on a group of variables representing tiie quality of the product to discover the 
implicit price of these quality characteristics. 
Anotiier early study using characteristics to explain the price of agricultural goods was 
carried out by Clarke and Bressler (1938). They found that strawberry prices were related 
to tiie average size, condition, uniformity, colour and variety of strawberries marketed. 
Premiums paid for certain characteristics were found to vary inversely with the supply of 
products containing these characteristics. Similar results in relation to varying premiums 
were found by Perregaux et al. (1938) in their analysis of auction prices of eggs. They also 
showed that between 76 and 97 per cent of the variance in prices of eggs could be 
explained by tiiree quality characteristics. 
Other agricultural commodities analysed using the hedonic price approach include natural 
fibres (Etiiridge and Davis, 1982; Bramma et al., 1985; Angel et a/., 1990),various grains 
(Brorsen er a/., 1984, 1988; Unnevhr, 1986; Veeman, 1987; and Wilson, 1984), livestock 
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(Nortii Centi^ Regional Livestock Marketing Research Committee, 1954; Jarratt, 1987; 
O'Connell, 1986), and vegetables (Jordan e/a/., 1985). Williams and Longwortii (1989) 
have also used the technique to investigate aspects of the tijna market in Japan. 
For the natural fibres, wool and cotton, the characteristics which have been found to be 
important in the hedonic price function are fibre length and fineness, vegetable or other 
foreign matter content, colour (for cotton) and grease content for wool. These results can 
be readily interpreted in the context of the model for input characteristics outlined above 
in Section 4.2.3. 
Fibre diameter or fmeness affects the end-use of the fibres as does fibre length.' Since 
the end-products differ in price, thus the implicit prices will be directiy affected. Foreign 
matter content will affect the productivity of inputs in the production of final product, 
reducing the amount of final product obtained per unit of input. The amount of variation 
in the price of natural fibres explained by quality characteristics appears to be high. For 
example, for cotton, Etiiridge and Davis (1982) explained almost 90 per cent of price 
variation, while for wool. Angel et al (1990) explained 81 per cent and Bramma et al. 
(1985) between 85 and 92 per cent of the price variation. 
Wilson (1984), in his study of barley, observed large price differences for what appeared 
to be only small differences in quality. Yet when the hedonic price function was 
estimated, up to 83 per cent of tiie variation in price could be explained by quality 
Note that these need not be independent of each other. Interaction of these two characteristics is 
also important. 
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variations. Veeman (1987) also found a high degree of explanation in his hedonic price 
equation, witii around 87 to 92 per cent of price variation for wheat in worid markets 
being explained by quality and otiier characteristics. For rice, Brorsen et aL showed tiiat 
over 80 per cent of price variation was explained by tiie measured characteristics of tiie 
grain. 
For grains, such as wheat and barley, one of tiie important characteristics is protein 
content, which again affects the end-use of these commodities. The characteristics often 
define tiie 'market' for the fmal product and tiius the price receivable for that product. 
There is a temptation to treat the market for fine fibre separately from that of the 
coarser fibre; that of low protein grain as different from high protein. However the 
markets are not sq)arate; there is some substitutability at the margin which holds the 
markets together. This problem of whether markets should be treated as segmented or 
linked is discussed further in Chapter 5 (Section 5.3). 
In tiie analysis of fruit and vegetable prices, size, skin damage, colour and firmness may 
all affect tiie price received for the fruit or vegetable. Quality characteristics may also 
determine whether the product is suitable to final consumption or for further processing. 
These in turn will affect the value of the product and the implicit price for the 
characteristics. Jordan etal. (1985), in tiieir analysis of tomatoes, found much less of tiie 
price variation explained by quality characteristics than found in other hedonic studies. 
Only about half of the variation in price could be explained by tiie four characteristics 
considered. This lack of explanation could be caused by an incomplete listing of the 
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characteristics which are important in determining tiie price of tomatoes, for example, 
tiieir flavour. This may often be proxied by colour and/or variety but may also be 
important in its own right. 
Subjective characteristics, such as flavour, taste or sweetness, have not often been 
included in the list of attiibutes to be incorporated in a hedonic price function. It could 
be argued tiiat, for the results of any analysis to be useful, tiie quality characteristics must 
be readily measurable. 
Ladd defines a characteristic as an 'objective, universal property of a product' (1982, 
p. 18). Large amounts of data are required to undertake thorough hedonic price analysis 
and restricting the quality characteristics to a group of objectively measurable attributes 
minimises the problem of measurement error. (See also below. Section 5.4.) For much 
the same reason, the characteristics used in defining grades are primarily objectively 
measurable. However, measurement of characteristics need not be on a cardinal scale to 
be objectively measurable: ordinal or categorical measurement may be sufficient to 
provide a useful indication of the amount of characteristic contained by tiie product. 
Williams (1987) discovered that the price of tuna at auction in Japan was strongly 
affected by a number of non-cardinally quantifiable characteristics, the most important 
being meat colour. He used a series of photographs of tuna meat of different colours to 
categorise the colour of the tuna meat being offered for sale. If a characteristic is 
important enough, it can be measured, even if tiiis is at an additional cost. If it is 
measured and incorporated into the hedonic price analysis, the extent of price variation 
explained by the varying bundles of characteristics possessed by the products is likely to 
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be greater and tiie problems of mis-specification and associated measurement error are, 
to some extent, reduced or even avoided (see Section 5.4). 
Hedonic price analysis has also been used to establish which characteristics should be 
incorporated into tiie grades of agricultural products (Brorsen et oL, 1984; Williams, 
1985). Related to tiiis, and, as indicated in the inti-oduction of tiiis chapter, of relevance 
to this study, is tiie use of hedonic price analysis to determine what characteristics would 
be useful for inclusion in market reports. 
Centi^ to this study is the use of hedonic price analysis to test whether markets are 
operating effectively, whether price differentials exist because of measurable quality 
differences or because of unexplained 'noise' in the system. These issues are addressed 
in Angel et al. (1990). This topic is tiie central tiieme of Chapters 8 and 9. 
4.3.2 Some Specific Studies Concerned with Livestock Prices 
Several studies have examined the prices paid for livestock in terms of the characteristics 
possessed by the animals, although not all of these were explicitiy within an hedonic price 
analysis framework. In this section, a brief overview is given of some of tiiese studies. 
A more detailed discussion of the results of tiiese studies is presented in Chapter 6 in the 
context of determining which variables may be appropriate for inclusion in the current 
study. 
The prices of store (feeder) cattie have been studied by several autiiors in tiie USA 
(Madsen and Liu, 1971; Menkhaus and Kearl, 1976; Nortii Centi^ Regional Livestock 
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Marketing Research Committee, 1975; Menzie e^  a/., 1972; Fielder and Martinez, 1974; 
Buccola and Jessee, 1979; Buccola, 1980; and Faminow and Gum, 1986). The 
characteristics considered in these studies to have a bearing on price were sex, weight, 
fat, breed and tiie number of animals in each lot. Again the importance of these variables 
can be explained in terms of tiie input price model in Section 4.1.3 above. Store cattie 
are used as input to the production of fat (or slaughter) cattie. The weight, breed, sex and 
fat score of store animals have a direct relationship with tiie likely return to fattening. In 
terms of tiie hedonic price function for inputs, the amount of these characteristics held 
by store cattie affect tiie marginal physical product, the marginal yield of the 
characteristics and also which final products (fed heavy steers, fed light heifers etc) can 
be obtained from tiie inputs. The significance of the lot size variable can be explained 
by adding transactions costs into the profit function of the cattie feeder. This is discussed 
further in Chapter 6. 
American studies of the fed (slaughter) cattie market reveal tiiat the important 
characteristics in tiie determination of price are similar to tiiose important in the feeder 
market (Schultz and Marsh, 1985; Marsh, 1985). These are tiie characteristics which, as 
will be discussed furtiier in Chapter 6, are important in determining tiie yield and tiie 
quality of tiie meat obtained from live cattie. 
A number of Austi^an researchers have examined slaughter cattle prices. Porter and 
Todd (1985) examined beef carcass auction prices in Western Austi^a in terms of tiie 
quality characteristics held by tiie carcasses. The important quality variables were found 
to be sex, age, fat deptii, meat colour, fet colour and type of feed. Togetiier tiiese 
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explained 75 per cent of price variation. Todd and Cowell (1981) found simUar results 
for Soutii Australia. In tiieir study of live cattie prices, 87 per cent of price variation of 
cattie sold at auction on a dollars per head basis was explained by sex, weight, fat depth, 
district of origin, size of lot and time of sale.^  Their analysis also covered beef carcass 
prices. The characteristics found to be important were the same as those explaining live 
cattie prices: sex, age, weight, fat and bruising. 
The relationship between prices and quality characteristics of Japanese beef carcasses has 
been investigated by Jarratt (1987) and by Lin and Mori (1991). The characteristics which 
determine tiie price of beef carcasses in Japan include meat colour, firmness and gloss, 
and fat colour and gloss, all of which are scored on an ordinal scale. It is clear from the 
analysis of Jarratt and Lin and Mori tiiat tiiese ordinal quality characteristics are more 
important than the usual yield characteristics, such as sex age, weight and fat depth, 
found to be the most important in explaining price variation in the USA and Australian 
studies. 
The relative importance of quality and yield characteristics in the determination of cattie 
prices in Queensland are discussed further in Chapter 6. However, before examining the 
hedonic price functions for slaughter cattie in Queensland, it is necessary to discuss some 
of the common empirical problems of estimating hedonic price functions. These 
problems, such as the determination of correct functional form together with aggregation 
It is of interest for the current study that, when price was expressed on a cents per kilogram liveweight 
basis, the degree of explanation fell by 30 percentage points to only 57 per c«it, reflecting the dominance 
of total weight of the animal (as an indicator of total meat yield) in determining price on a dollars per head 
basis. 
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and measurement error problems, are discussed in the following chapter. 
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CHAPTER 5 
THE ESTIMATION OF HEE>ONIC PRICE FUNCTIONS: 
SOME COMMON PROBLEMS. 
There are specific econometric problems which commonly arise in the estimation of 
hedonic price functions which may lead to biases in the estimates obtained for the 
implicit values of characteristics. These problems are potentially misleading if these 
implicit values are to be used as an input into decision-making and planning. For 
example, in the context of (Queensland live cattie prices, the implicit values estimated for 
tiie characteristics of live cattie may affect the production decisions of cattie producers. 
A mis-allocation of resources may result if these estimates are biased. 
Determination of the appropriate functional form to be used for the hedonic price 
function is, perhaps, the most fundamental of these econometric problems. The use of 
an inappropriate form may lead to biased estimates and, thus, misleading conclusions 
about the value of the implicit prices of the characteristics included in the hedonic price 
ftinction. The estimates of the value placed on characteristics may also be affected if 
tiiere is a problem of multicollinearity between the characteristics to be used in tiie 
hedonic price function. Bias again is possible if important characteristics are omitted in 
an attempt to overcome the multicollinearity problem. Aggregation bias may also affect 
the estimates if an appropriate degree of disaggregation is not used for the analysis. 
Measurement error is anotiier potential source of bias in the hedonic price estimates. 
In this chapter, these four major econometric problems of functional form specification, 
multicollinearity, aggregation and measurement error are discussed, witii referoice to the 
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previous literature in tiiis area. This discussion will provide the basis for tiie estimation 
of hedonic price functions in Chapters 7, 8 and 9. 
5.1 THE CHOICE OF AN APPROPRIATE FUNCTIONAL FORM 
An important issue to be addressed in the use of hedonic price models is the choice of 
tiie appropriate functional form to be used. Because the hedonic price function is a 
reduced form equation, representing neither supply or demand, economic tiieory, while 
it may place some limits on what would be an appropriate functional form, cannot suggest 
any particular matiiematical model or equation. The choice of the 'best'functional form, 
tiierefore, needs to be based on empirical as well as theoretical grounds. The use of an 
inappropriate functional form for the hedonic price equation casts doubt on tiie validity 
of the estimates derived for the implicit prices of at least some of the characteristics 
included in tiie hedonic price function. (See, for example, Ziemer et al., 1980; Milon et 
al., 1984; and Graves et al., 1988.) However, in much of the earlier work in this area, 
Uttie care was taken to test for the validity of the functional form used and thus the 
validity of the conclusions reached in these studies is in question. 
Rosen defined hedonic prices to be 
tiie implicit prices of attributes and (these) are revealed to economic 
agents from observed prices of differentiated products and the specific 
amounts of characteristics associated witii tiiem. (1974, p.34) 
As established in Chapter 4, the general form of the hedonic price function for 
intermediate production goods is: 
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r^-T 
h-l 
.(5.1) 
where the terms are as described in Section 4.1.3. 
To estimate tiiese hedonic price functions, Rosen suggested 
regress(ing) observed differwitiated product's prices ...on all of their 
characteristics ...using tiie best fitting functional form. This econometrically 
duplicates the information acquired by agaits in the market, on the basis 
of which tiiey make their decisions. (1974, p.50) 
This suggestion raises a number of issues to be addressed in the following sections: what 
alternative functional forms are appropriate; how to develop a consistent framework 
witiiin which to estimate and test the validity of competing functional forms; and finally 
how to choose the functional form to be used in the hedonic price function. 
5.1.1 Alternative Functional Forms 
The simplest form of the hedonic price function is the additive linear function: 
P = ff,^ ^,Z, . ^,Z, . .. . fi.Z. . . . . ^„Z, (5.2) 
where P is the price of the heterogeneous product, and 
Zj is the quantity of the ;th characteristic of that product; . 
The implicit prices are tiie marginal prices of tiie characteristics, found by partial 
differentiation of the estimated hedonic price function. This linear form can be derived 
fi^m tiie tiieoretical model by assuming that the marginal implicit prices are constant and 
that tiiere are no interactions between the independent variables (Ladd, 1978; Wilson, 
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1984). By replacing 5Xj,,/5vj, witii Xja,',tiie hedonic price function (5.1) can be rewritten 
as: P-t^j^j. (5.3) 
That is, the hedonic price function for a given product is tiie sum of the marginal implicit 
prices of the characteristics multiplied by the quantity of each characteristic possessed by 
tiie product. Price is a linear function of the independent variables. A non-zero value for 
the constant term, jS ,^ can only be justified if not all tiie relevant characteristics are 
measured and incorporated directiy into the hedonic price function. 
A more general approach would be to include interaction terms - that is, to recognise 
explicitiy that the values of the characteristics are not necessarily independent of each 
otiier. Also non-linearity can be introduced to remove the assumption of constant 
marginal implicit prices, independent of the quantity of the characteristic possessed by 
tiie product. For example, if we consider the case of only two characteristics, a quadratic 
function of the following form could be used: 
P = /5„ -K i8,Z, * ^^Z, * ^3(Z,)^ * i8,(Z,)2 ^ ^^z^z, (5.4) 
Alternatively, the quadratic expressed in logs, known as the translog function could be 
used: 
logP = /5„ + /8,logZ, + 0,\ogZ, + fi,(\ogZ,y + /S^OogZ/ + /SjlogZ.logZ^ (5.5) 
These are just a few of the many alternative forms which could be estimated for the 
hedonic price function, all of which could be tested for their applicability. 
This assumes a constant yield of characteristic j from input i in the production of A, irrespective of 
the quantity of any other characteristic of input i. That is, it assumes the additive separability of the 
characteristics. 
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The most flexible approach to finding tiie 'best-fitting functional form' is tiiat suggested 
by Halvorsen and Pollakowski (1981), using tiie quadratic Box-Cox functional form.^  
where P is the price of the heterogeneous product, 
Zj is the quantity of the ith characteristic, and 
P'^ and Zi are the Box-Cox transformations: 
P^ = (^ ~^\when \ 9^ 0 
\ 
= \n(P), when \ = 0 
Z^ = (^ ~^\when X, ?i 0 
\ 
ln(Z), when X^  = 0 
5.1.2 Estimation of the Box-Cox Model 
Estimation of the Box-Cox flexible form model is complicated by the existence of non-
linearities. For any given values for X, and X2, the model is linear in the parameters to 
be estimated and ordinary least squares techniques (OLS) may be used to find the 
estimates for the 6ijS. Direct comparisons of tiie fit for tiie equations based on different 
values of X, and Xj may be made using maximum likelihood techniques. The best model 
win be that which maximises the (negative) value of the log likelihood function.' It is not 
possible to compare the R^  as the dependent variable is different for each value of X,. 
The original transformation suggested by Box and Cox (1964) involved transformation of the 
dq)endent variable only. This is referred to here as the partial Box-Cox transformation. The simple Box-
Cox transformation applies (differoit) power transformations to both sides of the hedonic price function, 
while the quadratic Box-Cox transformation allows for different power transformations on both sides of the 
ninction as well as including all possible interaction terms between the independent variables. Dummy 
variables are not included in any of these Box-Cox transformations. 
^ Spitzer (1982) discusses a number of options which can be used for the estimation of the parameters 
of the flexible Box-Cox model. 
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Some have argued tiiat a more general approach would be to allow tiie power 
transformation parameters of tiie right-hand side variables to differ (Milon era/., 1984; 
Graves et al., 1988). For example, in Milon et al, only tiie variables of interest, tiiose 
related to water quality, were subject to power transformation, tiie remainder entering 
into tiie equation in linear form. This approach may be of particular importance when 
tiie implicit price of interest is for a variable which may have only minor explanatory 
power. Thus by allowing tiie parameters to vary between exogenous variables, the power 
transformation of minor yet key variables will not be dictated by the power 
ttansformation of the more dominant variables, in terms of their explanatory power. 
However there may be problems witii tiie estimation of such models. At the most general 
level, allowing different transformations of the exogenous variables, rather tiian tiie ad 
/ux: approach taken by Milon er a/., estimation of the hedonic price model would require 
a very large data set (Messonier and Lucas, 1990; Judge et al., 1988). Computing and 
time costs would be extensive, with the grid search for the values of the power 
tiansformation parameters extended from 2 to m-t-1 dimensions, where there are m 
exogenous variables (Graves e/a/., 1988). 
The Box-Cox model encompasses almost all of the commonly used functional forms, 
including the less commonly used Leontief and translog forms.* However, each implies 
The standard quadratic equation, including higher power polynomials of independ^at variables is not 
included among those which can be characterised by the Box-Cox transformation unless the higher power 
terms are included as specific indq)eDdeot variables. 
different restiictions for tiie parameters to be estimated. The validity of tiiese restiictions 
can be tested using likelihood ratio tests.' 
As stated, the most commonly used form of tiie hedonic price function is the linear form, 
which is a special case of tiie quadratic Box-Cox transformation found by setting X, and 
X2 equal to 1, and /Sjj equal to zero. The ti-anslog function emerges when X, and Xj are 
botii zero. 
Linearity, as stated above, assumes that marginal prices are constant, independent of the 
amount of tiie characteristic held by the product. This assumption may be unrealistic as 
many autiiors have indicated (King and Sinden, 1988; Jordan era/., 1985; Wilson, 1984). 
Such an assumption, and other assumptions implicit in other forms of the hedonic price 
function, therefore, should not be made without some test of their validity. Validation 
tests are perhaps exceptional ratiier than standard in past empirical studies of hedonic 
prices in the area of agricultural economics.*^ It is more common for some convenient 
(i.e.,simple) functional form, such as the linear, log-linear or semi-log, to be used witiiout 
any testing of the validity of the assumptions implicit in this choice. (Jordan et al, 1985, 
and Palmquist and Danielson, 1989, are exceptions, using tiie simple Box-Cox 
The likelihood ratio is formed by taking the ratio of the maximum likelihood value for the restricted 
model to that of the unrestricted model: 
ML__ 
LR = 
This follows a x^  distribution, with the degrees of freedom given by the number of restrictions placed on the 
full model to obtain the restricted model. The decision rule is to reject the restrictions as valid if the 
calculated value of the LR exceed the critical value of the x^  statistic. 
For example, other studies of the determinants of the price of cattle (for example, Hall, 1981;Hogan 
and Todd, 1979;Jarratt, 1987;Park, 1979;Porter and Todd, 1985;and Todd and CoweU, 1981)have used the 
linear form of the hedonic function exclusively .apparently without any econometric test of the validity of this 
modd. 
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transformation to establish the most appropriate functional form.) Even when a number 
of alternative functional forms have been estimated, tiie criteria used to choose tiie 
preferred model have often been arbiti-ary. For example, O'Connell (1986), in his study 
of lamb carcass prices in the Paris market, apparentiy used an F-test alone as tiie 
criterion for choosing between alternative functional forms, witii the simple quadratic and 
tiie linear equations emerging as equally satisfactory on this basis. The quadratic form 
was chosen as the preferred model as it could be more easily interpreted to yield an 
optimal weight and fiat depth for lamb carcasses in tiie market under study. Wilson (1984) 
used second and third order polynomials of his continuous independent variables to test 
tiie assumption of constant marginal implicit prices, finding that not all the marginal 
implicit prices were constant. 
Outside the area of agricultural economics, testing for impropriate functional form is 
more common, particularly in recent studies. Even here, a wide range of alternatives have 
been used within the general Box-Cox form. Some authors have used the partial Box-Cox 
model as their starting point' (Ziemer et a/., 1980), some the linear Box-Cox model 
(Goodman, 1978), while others take the more general quadratic Box-Cox as the basis for 
comparing other more common functional forms (Halvorsen and Pollakowski; 1978; 
Graves et a/.,1988; Rasmussen and Zuehlke, 1990). There is evidence that the most 
general model should be used as the unrestricted model against which all other forms can 
be compared. Bender et al.,m their study on air quality, show that the use of tiie simple 
ratiier tiian quadratic Box-Cox model, that is, omitting interaction terms between tiie 
In the partial Box-Cox model, only the dqsendent variable, price, is subject to a power 
transformation. 
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exogenous variables, may introduce substantitd bias into the estimates of the marginal 
implicit prices. 
5.1.3 Choosing the 'Best' Functional Form - Conflicts between Statistical and Other 
Criteria 
The question is how exactiy to decide what is tiie 'best-fitting' functional form for a 
hedonic price function, and whether this form is always tiie 'best' one to use for a given 
market situation. As already mentioned, littie guidance is given by economic theory, the 
hedonic price function being a reduced form equation. There is a need, therefore, to use 
statistical and other criteria to select the correct functional form. 
On statistical grounds, there is much to recommend tiie use of the quadratic Box-Cox 
function to find tiie best functional form for the hedonic price function. The choice of the 
transformation parameters is made in such a way as to maximise the log-likelihood 
function so it will find the 'best-fitting' function. Since all commonly used forms are 
special cases of this most general form, each implying specific values for the parameters 
Xj,X2and B^ , these restrictions can be tested for their validity using likelihood ratios tests 
as indicated above. The resulting preferred model can then be subjected to a number of 
rigorous diagnostic and other tests. This approach is consistent with that suggested by 
Learner (1983), McAleer et al. (1985) and Beggs (1988). On tiie otiier hand tiie 
introduction of what could be empirically unnecessary non-linearities into the model 
could lead to over-parameterisation and, in consequence, less precise estimates. 
The flexible functional form may not yield a model which satisfies other non-statistical 
criteria. Several studies have looked at the problem of how best to choose between 
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alternative models (Leamer, 1983;McAleer era/., 1985;Beggs, 1988;Cropper era/.,1988; 
and Cassel and Mendelsohn, 1985). The best model would seem to be one which has a 
sound basis in economic theory, is parsimonious and yet is an 'adequate description of 
(the) economic phenomenon' (Beggs, 1988, p.81). 
In particular, there are some reasons to suggest that the statistical goodness-of-fit test 
alone may be an inadequate criterion by which to select the 'best' functional form. For 
example, the inclusion of numerous interaction terms in the quadratic Box-Cox model, 
without sound economic rationale, seems to conflict with the principle of Occam's razor, 
or parsimony. Equally, it is doubtful that a model can be an adequate description of an 
economic phenomenon if it 'defies ready interpretation' (Cassel and Mendelsohn, 1985, 
p. 141). When the quadratic Box-Cox form of the hedonic price function is estimated, the 
marginal implicit price of each characteristic is expressed as a complex function of the 
price of the product and the amount of that characteristic and all other characteristics 
held by the product. This means that it is extremely difficult to disentangle the implicit 
price of any single specific characteristic. The price elasticity of the product with respect 
to changes in the quantity of a particular characteristic, evaluated at the mean, can be 
estimated but, for most empirical studies, this may provide littie information. 
An alternative simpler ti-ansformation, the simple Box-Cox transformation, without 
interaction terms, may address some of tiiese criticisms. This transformation can be 
written as: 
^ ^ = « o - E « . 2 , ^ (5.7) 
where P^ and Z ,^ are as for equation (5.6). 
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Milon et al. have used tiiis approach to evaluate water and non-water amenities, as well 
as to test tiie validity of otiier functional forms (linear, quadratic and semilog) which have 
been used in tiiis particular area of tiie literature. Messonier and Lucas (1990) also used 
tills approach.* However, when interaction terms have been included, often tiiey have 
been found to add significantiy to tiie explanatory power of tiie equation. (For example, 
see Rasmussen and Zuehlke, 1990; Bender era/., 1980.) 
Cassel and Mendelsohn (1985) show tiiat the full Box-Cox transformation is unsuitable 
if tiie primary objective of the analysis is to predict tiie untransformed dependent 
variable. The use of such a transformation of the dependent variable in a predictive 
model will intioduce bias in forecasts of tiie untransformed variable derived ft'om 
forecasts of the transformed variable. 
Witii relevance for many empirical studies. Cropper et al. (1988) use Monte Carlo 
simulations to test the performance of alternative functional forms when some variables 
are unobserved or replaced by a proxy, a common situation in applied economics. They 
show that, while the goodness-of-fit criterion will produce a model which gives an 
accurate measure of marginal prices when all attributes of the product are observed, 'a 
simple linear hedonic price function consistentiy outperforms the quadratic Box-Cox 
function' (p.668) when proxy variables are used or some variables are unobserved. 
In this case, the power transformation used was the same for both sides of the hedonic price 
function. 
A serious criticism of tiie use of tiie full Box-Cox transformation, from tiie econontist's 
perspective, is that, while the Box-Cox transformation can be easily interpreted when X, 
and X2 are 0, 1 or even -1, the interpretation, in economic terms, is obscure when other 
values are estimated as being 'optimal'. 
As an alternative to the Box-Cox transformation, Rasmussen and Zuehlke (1990) show 
that, for tiieir analysis of housing attributes, the quadratic model incorporating interaction 
terms between the explanatory variables can be almost equal to the cumbersome flexible 
functional form, and is superior to the linear Box-Cox model in terms of explanatory 
power. They argue that the interpretation problems of the flexible functional form are 
due primarily to the Box-Cox transformation rather than tiie interaction terms (p.432). 
The derived marginal implicit prices do remain functions of tiie explanatory variables. 
Their semi-log model ln(P)=a + 6'Z + 0.5Z'6Z yields marginal implicit prices given by 
P(6 + BZ)'. Thus the implicit prices are linear functions of the explanatory variables and 
have the characteristic that the marginal implicit prices can be different for two lots, 
selling for tiie same price but witii different bundles of attributes. Coelli et al. (1991) take 
a more exti-eme stance, restricting tiie functional forms considered in tiieir study to simple 
linear, log-linear and log-log functions only. They considered the over-riding consideration 
to be the correct specification of the variables to be included in tiie equation. 
5.L4 An Alternative Approach to the Choice of a SpeciHc Functional Form 
Despite tiie apparent statistical elegance of tiie Box-Cox approach, tiie above limitations 
may make it an unattractive option for the pragmatic economist who wants to estimate 
tiie monetary value of tiie characteristics of a product. 
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An alternative approach to tiie use of the complex Box-Cox functional form or tiie choice 
of some specific functional form, such as the quadratic, is to approximate any of these 
non-linear functions by tiie use of a categorical or step function (Aigner et aL, 1975). 
With the use of categorical variables, the estimated function now becomes a step function 
instead of a smooth continuous curve. This is illustrated in Diagram 5.1. 
auH^«(4 
Diagram 5.1 Continuous function and approximate step function 
The economic interpretation of such a categorical function is straightforward, with the 
implicit prices for the characteristics constant within each of tiie bands or categories, but 
different between the bands. Thus it does not possess the disadvantage of the linear form 
of the hedonic price function with its implication for constant marginal prices irrespective 
of tiie quantity of the characteristic possessed. It does not possess the complexity and 
related problems of tiie full Box-Cox model, discussed above. It does, however, possess 
more flexibility than the choice of a specific functional form as suggested by Rasmussen 
and Zuehlke (1990) or Coelli et al. (1991). 
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As Aigner et al. (1975) discuss, tiie benefits of tiiis approach are obvious when tiie 
underiying relationship is unknown and non-linear, as is anticipated in tiie current study 
(see Chapter 6). However the benefits of tiie categorical model do not come witiiout cost, 
witii some loss of information, compared witii the unknown true functional form. This loss 
is likely to be greatest when tiie categories used are broad witii bigger discrepancies 
between tiie tiaie (unknown) non-linear relationship and tiie stq) function (see Diagram 
5.1). 
Aigner et al (1975) present a technique which can be used to measure tiiis cost of loss 
of information when the underlying relationship approximated by the step function is 
linear. However, tiiis techiuque cannot readtiy be adapted for use in tiie context of tiie 
currwit study, where non-linearities in tiie functional form (for at least some of the 
characteristics) are expected to prevail but where the exact nature of tiiese non-linearities 
is unknown. The loss in information, therefore, cannot be readily measured if a step 
function is to be used to approximate an unknown non-linear continuous function. 
5.1.5 A Pragmatic Approach 
There is no general agreement in the literature about how to select the most appropriate 
functional form for any particular hedonic price analysis. The choice of the functional 
form to be used for the hedonic price functions in this study will be made witii regard to 
tiie discussion of this section. In particular, the importance of testing for the presence of 
non-linearities and interaction terms, rather than assuming any simpler form to be 
appropriate a priori, is recognised. At the same time, tiie complexity associated with the 
economic interpretation of continuous non-linear relationships is seen as a disadvantage 
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of the Box-Cox approach, especially in tiie light of tiie results of tiie analyses of Cassel 
and Mendelsohn (1985) and Cropper et al. (1988). Step functions are a more appealing 
alternative to tiie potentially complex Box-Cox non-linear functions, allowing flexibility 
in tiie functional form to be approximated. The constant marginal implicit prices of tiie 
linear form and tiie complex functions from which tiie marginal implicit prices are 
derived for tiie Box-Cox form are replaced by a series of (constant) marginal implicit 
prices, tiie values of which are related to tiie quantity of tiie characteristic possessed by 
the commodity. The interpretation of tiie marginal implicit prices are more 
straightforward, especially if there is a clear rationale for tiie selection of the classes to 
be used for the step function. In addition, specific problems with regard to the nature of 
the data to be used in the analysis may restrict tiie functional forms to be used to 
estimate tiie hedonic price functions for cattie (as reported in Chapters 8 and 9). These 
data problems and their impact on the choice of functional form are discussed fully in 
Chapter 7. 
5.2 MULTICOLLINEARITY 
Problems of multicollinearity are highly Hkely to be encountered in the estimation of 
hedonic price functions. The variables used in the hedonic price equation to represent 
the characteristics of interest may be highly correlated with each other. In the present 
study, for example, several physical characteristics of cattie such as weight and fat may 
be expected to be strongly correlated. 
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5.2.1 Identification of the Offending Variables 
The inflated variances caused by multicollinearity affect only those variables affected by 
the dependencies within the set of variables. The initial step, therefore, is to uncover the 
extent of the multicollinearity within the data set and to discover what form the 
dependencies take. This will reveal which of the regressors are likely to have coefficient 
estimates which are adversely affected by the collinearities. It will also allow the 
identification of coefficient estimates which are relatively isolated from the collinearity 
problems and thus likely to be trustworthy in spite of the ill-conditioned data set. 
The simple correlation coefficient between pairs of the explanatory variables, often used 
to identify likely multicollinearity problems, is inadequate both as a measure of the 
potential collinearity problem and as a means of identifying the affected variables. Often 
in multiple regression analysis, relationships exist between groups rather than pairs of the 
explanatory variables. This may be a common sitiaation in hedonic price analysis. These 
group relationships may not be exposed by tiie simple correlation matiix. A more 
tiiorough approach is to examine tiie eigenvalues and condition indices (CIs) of tiie scaled 
matiix of the explanatory variables, X'X.' 
The Ith condition index is defined to be: \ 
where X, is the smallest eigenvalue, and 
Xj is the /til eigenvalue of the normalised matrix X'X. 
9 The data matrix is scaled in such a way as to make each column of the data matrix have unit length. 
This is necessary to allow the use of the condition indices as indicators of d^)«idencies widiin the data 
matrix. 
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Belsley et a/, (pp. 100-5) show that moderate to strong dependencies are associated with 
CIs between 30 and 100. Corresponding to each high CI is a stiong dependency in tiie 
X'X matrix. Severe multicollinearity is indicated by CIs greater than 100. This level of 
multicollinearity 'causes substantial variance inflation and great potential harm to 
regression estimates' (Belsley era/, p. 153). 
If the existence of troublesome multicollinearity is indicated by the CIs, the next stq) is 
to determine the nature and likely effect of the multicollinearity on the parameter 
estimates of the model. The form of the dependencies is indicated in the variance 
decomposition proportions of the regression coefficients.'" For high CIs, the presence 
of high variance proportions for two or more coefficients in that index indicates that a 
relationship may exist between tiiose variables. Belsley et al, provide a simple rule of 
tiiumb: that estimates are considered to be degraded by multicollinearity when more than 
50 per cent of the variance of two or more coefficients is associated with a single high 
CI. 
5.2.2 Possible Solutions to the Problem of Multicollinearity 
If multicollinearity is found between groups of variables, is there a solution? The ill-
conditioning of the data set may be tiie result of low variability in tiie range of 
observations on particular variables. If tiiis is the case, then the addition of more 
observations in tiie data set may alleviate tiie problem. However, tiie collection of more 
The variance of each regression coefficient can be split into a sum of components, each associated 
With one and only one eigenvalue. The yth variance- decomposition proportion, or variance proportions it 
is referred to in the Shazam program (White et al., 1988), is the proportion of the /th regression coefficient 
associated with the ;th eigenvalue. 
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data is unlikely to solve tiie problem if tiie relationship between tiie explanatory variables 
is intiinsic, or by way of nature as it is in the context of tiie study reported in tiiis tiiesis. 
Data transformations are not always possible (e.g.,for dummy or categorical variables) 
and may not cure the underlying problem anyway. The inclusion of ratios of correlated 
explanatory variables, instead of each variable entering individually into the equation, 
may impose restrictions on the values which the coefficients may take which may be 
unjustified by tiie 'true' relationship. 
Principal components regression may be used as an alternative approach. Judge et al., 
however, do not recommend this approach as a solution to tiie multicollinearity problem. 
Partial principal components where the principal components of the collinear set of 
variables are included with the indq)endent variables have been used to overcome 
multicollinearity problems (Hyberg era/., 1991). While tiiis approach maybe useful if tiie 
variables of interest are not amongst those suffering from multicollinearity, it is of littie 
use if, as is often tiie case, tiie collinear variables are tiie characteristics of tiie product 
being analysed. 
An alternative is to estimate the model, removing some of tiie ti-oublesome variables, but 
recognising at tiie same time tiiat tiie coefficient estimates for tiie retained variables 
which formed part of the original collinearity problem are composite. The problem of tiie 
inflated variances is removed but the coefficient estimates can no longer be correctiy 
interpreted as relating to individual variables but ratiier as tiie composite effects of 
included and omitted variables. 
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The procedure followed in tiie present study is to examine tiie data matiix of the 
characteristics variables to be included in tiie hedonic price function for possible 
multicollinearity problems, using tiie condition index (CI) and variance-covariance 
approach described above. The hedonic price functions will then be estimated and the 
results interpreted in the light of any multicollinearity problems. 
5.3 PROBLEMS OF AGGREGATION 
The hedonic price equation maps out the equilibrium prices for a particular market. The 
marginal implicit price of an embodied quality attribute may vary across space, that is, 
it may depend upon the specific location of the market being analysed (Brorsen et 
a/., 1984, p. 156). The implicit prices may also vary across different forms of the 
commodity. In the context of tiie current study, the implicit prices of characteristics such 
as weight or fat may vary dq)ending on whether the 'commodity' is young cattie destined 
for the domestic market or older/heavier cattie destined for the export market. Equally, 
tiie changing balance of tiie forces of supply and demand for specific characteristics over 
time may mean tiiat tiie marginal implicit prices of these characteristics vary over time. 
The level of disaggregation at which tiie analysis is performed is important. If an hedonic 
price function is estimated assuming tiiat there is a single market (over time, space or 
form) when, in fact, tiiere is really more than one market (tiiat is, tiie market is 
segmented), tiie estimates for tiie coefficients of tiie function will be biased. Less serious 
perhaps is tiie problem of unnecessary disaggregation, ti-eating tiie market as if it were 
segregated when tiiey are not, which yields imprecise estimates, if indeed estimates are 
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found. There may be insufficient data to allow estimates to be derived (Palmquist, 1991, 
p.89). 
5.3.1 Aggregation over Space and/or Form 
The choice of the appropriate level of aggregation over space and/or form to be used for 
hedonic price analysis is closely related to the question of what constitutes a market. This 
question has been raised in many articles, often with respect to antitrust inquiries." (For 
examples of different approaches to the problem, see Cochrane, 1958; ELringa and 
Hogarty, 1978; Horowitz, 1981.) Indeed Freeman (1979) used hedonic price analysis to 
aid in the definition of what constitutes a market: if different sectors of the market have 
different hedonic price functions, then that market is segmented. This segmentation can 
only occur if some barrier, such as lack of information or a complete lack of 
substitutability between the products being marketed (which is highly unlikely), stops 
market participants from entering into other segments to equalise prices. Additionally, 
there must be differences in the structure of demand or supply in the various markets. 
The question of what constitutes a market is thus an empirical one. However, with 
respect to hedonic price functions, tiiere may be problems in identifying whetiier different 
segments of the market (differing over space or form) may or may not have the same 
hedonic price functions. The standard F-test which has been used to compare whetiier 
two equations can be considered as sharing tiie same set of coefficients (Butier, 1980; 
Stiaszheim, 1973; Schnare and Stiiiyk, 1976; Ball and Kirwan, 1977) may not be valid 
The question of what constitutes a market is developed using an alternative ^proach in Part HI of 
the thesis. 
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unless tiie tine (unknown) hedonic price specification is used. However, in tiie absence 
of an alternative, tiiis F-test approach is used to determine whether markets can be 
aggregated over space in the analysis of Chapter 8. The approach taken by Michaels and 
Smitii (1990), to ask experts where tiiey believed market segmentation to exist, may be 
a more useful technique in some circumstances than the purely statistical F-test approach 
in determining whetiier markets may be aggregated. In particular, in tiie current study, 
data limitations prevent tiie use of statistical tests to determine tiie appropriate level of 
disaggregation to be used according to the form of the commodity, live cattie. The 
appropriate level of disaggregation to be used for the form of tiie product was therefore 
determined by using practical considerations and detailed information about the various 
sectors of tiie live cattie market (as presented in Appendix 3.1). 
5.3.2 Aggr^ation over Time 
The changing value of marginal implicit prices over time relates to the issues raised in 
Section 3.2.1, in connection with demand and supply of one or more characteristics 
changing over time. A change in implicit prices over time has been observed by several 
autiiors who have, accordingly, estimated separate equations for different time periods 
(Veeman, 1987; Bramma et al., 1985; Jordan et al., 1985; Wilson, 1984). Otiiers have 
taken an alternative approach by estimating one composite relationship covering a 
number of time periods but allowing for changes in price over time by including some 
form of time ti-end or dummy variables (see, for example, Ethridge and Davis, 1982, and 
Wilson, 1984). The question is raised whether this latter approach can adequately allow 
for temporal changes in the hedonic price function coefficients. The answer depends on 
tiie extent of changes in price over time. The aggregate approach allows for a change in 
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tiie base level of prices but assumes tiiat tiie marginal implicit price of characteristics is 
unchanged over the entire time period for which tiie equation is estimated. The 
disaggregate approach allows for changes in both the base level and in the marginal 
implicit prices over time. The assumption implicit in the use of an aggregate function 
should not be made without formally testing its validity. This is discussed furtiier below 
(Section 7.2). 
5.4 MEASUREMENT ERRORS 
As indicated above (5.1.4), some functional forms were shown to be more appropriate 
if some explanatory variables were unobserved or were proxy variables (Cropper et al., 
1988). Epple (1987), Graves et al. (1988) and Palmquist (1991) discuss tiie related 
problem of potential measurement error and its impact on tiie estimation of hedonic 
price functions.'^ Variables are classified into three types: observed, proxy and 
unobserved variables. Observed variables are those which can be considered as measured 
without error, proxy variables are measured with error, while unobserved variables are 
not measured at all.*' 
Price may be an observed or proxy variable depending on the level of disaggregation of 
the data. Serious problems with the estimation of hedonic price functions and their 
The general impact of measurement error on parameter estimates is discussed in numerous 
econometric textbooks. (See, for example. Judge et al., 1988.) However, the exact effect of measurement 
error on the distributions of test statistics is not known. 
Epple also considers the distinction between product, buyer and seller characteristics, a distinction 
*^1uch is in^rtant for identification of demand and supply equations but not for the estimation of the basic 
hedonic price function. Since the former is not the concern of this analysis, this distinction is not discussed 
hwe. 
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related demand functions can arise if price, tiie dependent variable of tiie hedonic price 
ftinction, is measured witii error (Epple, 1987). For tiiis stiidy, which concerns itself witii 
actual recorded sales, price can be considered as measured without error. 
Otiier possible errors are measurement errors in the product characteristics and tiie 
exclusion of some important characteristic(s). Graves et al. (1984) examine the 
implications of measurement error in product characteristics for tiie stability of tiie 
coefficient estimates, and tiius of tiie implicit prices of characteristics. They assumed the 
relationship between the measured and true variables is given by: 
X, = Z.. * v.. (5.8) 
where X^ is the measured value of the ytii observation on the ith characteristic; 
Zq is tiie true value of tiie ;th observation on the ith characteristic; and 
v.. is white noise, and are assumed to be uncorrelated with X .^ 
If the correlation between Zjj and X^  is known, and is given by pj, the maximum 
likelihood estimator for the coefficient vector is /3 = (X'X-E^'^XY, where E is a 
diagonal matrix with the rth diagonal element being l-p,. Since tiie Pj are generally 
unknown. Graves etal. found a number of coefficient estimates for the variables believed 
to be measured with error, based on different values of p,. Their results are disturbing. 
The coefficient estimates varied substantially, even in sign, and even when the values 
used for p; were close to 1.'^ Measurement error is thus a potentially severe problem 
if much faith is to be placed in the implicit prices revealed from the parameter estimates. 
Values of p^ close to 1 are taken to indicate little measurement error. 
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Some reassurance may be taken from Koutsoyiannis (1977, p.260). She claims tiiat 
measurement errors are not important if any decision to be made is arrived at on tiie 
basis of tiie measured data, ratiier tiian tiie (unknown) error-free tiue variable. In tiie 
literature, much care is taken to ensure tiiat variables are measured accurately. On the 
other hand littie attention is paid to whether tiie assessment of tiie characteristics which 
is employed in the research actually corresponds to the assessment of the market 
participants. This issue is discussed, in respect to tiie present study in Chapter 7. It is 
clear, however, that measurement error should be minimised to enable unambiguous 
statements to be made about the sign and size of the implicit prices of characteristics. 
In hedonic price analysis, as in other applications of regression analysis, the exclusion of 
unobserved variables (characteristics) can cause bias and inconsistency in the estimated 
coefficients of the included variables. This is particularly marked if the omitted 
characteristics are highly correlated with those included. The problem of omitted 
variables in the estimation of hedonic price functions is no different from the classic 
omitted variable problem. As with any applied econometric research, these problems can 
only be minimised by careful and complete data collection of all relevant variables. 
The implications of measurement errors and tiie metiiodology followed to minimise tiieir 
impact on the analysis of cattie prices are discussed in Chapter 7 (Section 7.3). 
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CHAPTER 6 
THE SELECTION OF VARUBLES TO BE USED 
IN HEDONIC PRICE FUNCTIONS FOR CATTLE 
This chapter investigates which characteristics of live cattie are of potential importance 
in tiie price discovery process at liveweight auctions in Queensland and, therefore, which 
characteristics should tiius be considered for inclusion in the hedonic price functions. 
Previous empirical studies have examined the effect of different characteristics on the 
price of cattie and beef carcasses sold. (See, for example, Keane and Riordan, 1973; 
Fielder and Martinez, 1974; Wittenberg, 1977; Hogan and Todd, 1979; Park, 1979; HaU, 
1981; Todd and Cowell, 1981; Porter and Todd, 1985; Mintert et al, 1990). The 
characteristics included in tiiese studies are: age, sex, weight, fat deptii, feed type, breed, 
distiict of origin, number of head in a lot, presence of horns and order of sale. The 
results of the different studies are often inconsistent and are summarised in Table 6.1. 
More detailed discussion of the results of these empirical studies with regard to each of 
the identified variables is givai in Section 6.3. 
However, rather than uncritically adopting the above group of characteristics as being the 
relevant characteristics for inclusion in the current analysis, the choice of relevant 
characteristics was investigated, using a 'first principles' approach. The characteristics 
buyers regard as important were investigated as well as some other characteristics which 
may influence the price paid by buyers. The characteristics important in the price 
discovery process pertain to tiie quality and amount of meat yielded by tiie animals in 
tiiat lot (i.e., is tiie value of meat produced by the lot) as well as tiie degree of 
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Table 6.1 Price-quality relationships observed by previous researchers 
Quality characteristic 
Age 
Sex 
Weight 
Fat deptii 
Type of feed 
Breed 
Area of origin 
Number of head in a lot 
Presence of horns 
Order of sale 
Relationship found between tiie characteristic and | 
price 1 
negative Hall 
Todd and Cowell 
none Keane and Riordan 
Park 
Porter and Todd 
prenuum for Fielder and Martinez 
steers Todd and Cowell 
Wittenberg 
negative Fielder and Martinez 
Mintert et aL 
Park 
Todd and Cowell 
none Hall 
positive Park 
Todd and Cowell 
non-linear Porter and Todd 
premium for Porter and Todd 
grainfed 
premium for Mintert et aL 
certain breeds Todd and Cowell 
Wittenberg 
premium for Todd and Cowell 
certain regions Hall 
positive Hogan and Todd 
Todd and Cowell 
none Todd and Cowell 
price rise at Todd and Cowell 
end of sale 
Other Buccola 
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competition and otiier market conditions surrounding tiie sale. These are discussed below 
in Sections 6.1 and 6.2. 
6.1 CHARACTERISTICS OF LOTS OF BEEF CATTLE EVALUATED BY 
BUYERS' 
On tiie basis of informal questioning of cattie buyers, the tiiree most important criteria 
tiiey consider when assessing the value of cattie on offer at an auction are: the 
requirements specified by end-users^ (as spelt out by (usually minimum) specifications 
based on certain chziracteristics'); the perceived quality of the meat which can be 
obtained from the cattie; and the perceived yield of meat from each lot. Buyers will 
appraise the characteristics of the cattie in each lot in relation to these three criteria 
determining value. A particular characteristic may often be relevant to each set of the 
objectives, although the importance will vary between them and may produce conflicting 
results. For instance, fat may have a positive influence on carcass quality but a negative 
influence on carcass yield. The importance and effect of tiiese characteristics on the final 
price is tiius uncertain. For export-type cattie the most important objective which needs 
to be satisfied would appear to be end-user specified minimum requirements, whereas 
cattie for domestic markets are likely to be assessed first on quality considerations. The 
Buyers at the auctions investigated in the pres^it study are typically representatives of large meat-
processing companies. 
End-users here are the wiiolesalers and retailers who buy from the meat processors, rather than 
the final consumer of the meat. In the case of export cattle, the end-users are importers in the country to 
which the buyers are exporting the meat. 
Requirements of some aid-users are reasonably specific. For example, md-users (importers) 
'^ ^^ Piinng "Jap Ox" will only accent heavy steers less than four years old wiA fid score 3 or 4 (fat depth 
betwe«i 7 and 22 millimetres), and a butt profile of A, B or C. 
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market is roughly segregated into cattie suitable for export and cattle suitable for tiie 
domestic ti^de. Older and/or heavier cattie (cows, heavy steers and bulls) are in demand 
principally for export, while younger stock (vealers, yearlings, light steers and heifers) 
dominate the domestic market. (A more detailed discussion of the various components 
of tiie market for slaughter cattie and their associated characteristics was presented in 
Appendix 3.1.) The likely importance of characteristics witii regard to tiie tiiree criteria 
is summarised in Table 6.2. 
Table 6.2 A subjective rating of cattie characteristics witii regard to specification, 
quality, and dressing percentage and yield 
Characteristic 
Age/sex 
Weight 
Fat score 
Muscle score 
Feed type 
Breed 
Area of origin 
Bruising 
1 
In^rtance of characteristic with regard to: 
Specification 
** 
** 
** 
W^-
** 
m 
Quality 
* 
4>* 
** 
** 
** 
* 
** 
Dressing percentage 
and yield 
• * 
4<* 
mm-
** 
* 
* 
:1§! 
** indicates very important charactenstic 
* indicates important characteristic 
6.1.1 Characteristics Used in End-user Specifications 
Characteristics for which end-users commonly specify particular categories or scores are 
age/sex, weight, fat cover, muscle score (or butt profile) and feed type (see Table 6.2). 
Export orders, principally from the USA and Japan, use broad categories or ranges to 
specify the required characteristics. When estimating these characteristics, buyers will 
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seek to classify the cattie in each lot according to these broad categories rather than 
assessing these characteristics for each lot on a continuous scale. That is, lots are 
appraised as falling into certain categories with respect to each of the characteristics. 
Buyers do not need to estimate precisely how each lot should be scored according to each 
characteristic. 
On the other hand, domestic orders tend not to make such general categorical 
distinctions. There are two main reasons for tiiis marked difference between these two 
market sectors. The first is that the domestic market absorbs a wide variety of cattie. The 
second is that purchases for the domestic market tend to be based on quality and quantity 
objectives rather than on pre-determined specific end-user requirements. 
6.1.2 Characteristics Affecting Quality 
Meat quality is important to buyers. As already indicated, it is the principal determinant 
of meat price in the domestic market. At tiie same time, certain determinants of meat 
quality such as fat colour, meat colour and marbling may also be specified as 
requirements for certain export markets. Characteristics that buyers at auction could 
consider important in relation to quality include the presence of grain feeding, fat score, 
breed type, muscle score (as an indicator of weight-for-age), the potential for bruising (as 
indicated by temperament, the presence of horns, and the distance travelled), and feed 
availability (as indicated by district of origin and distance travelled). (See Table 6.2.) 
A reasonable amount of fat, as indicated by fat score, is generally seen as a desirable 
characteristic. Too much fet is however seen as undesirable, representing wasted 
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kilograms of fat which must be removed prior to sale to tiie retail sector. The relationship 
between price and fat score is not expected to be linear, rather price is expected to 
increase as fat score approaches some optimal level and thereafter the relationship 
between price and fat is expected to be negative. (See Table 6.1 for previous relationships 
found between fat depth and price.) 
The relationship between the characteristics grain feeding and muscling and price is 
expected to be a positive one. The breed of cattie may be significant if buyers believe 
some breeds produce higher quality meat than others. There should be a negative 
relationship between price and the presence of horns and poor temperament, because 
these characteristics increase the risk of bruising. The distance travelled, as indicated by 
the district of origin, may have both negative and positive influences on price. Long 
distances travelled mean the cattie have been exposed to the risk of bruising and have 
been off feed, but potentially offsetting this is the possibility tiiat they may have come 
from an area of high quality feed as compared to local cattie. (Again, see Table 6.1 for 
previous findings.) 
Kingston et al. (1988), in a study of consumer preferences, found that, for the local 
market, high quality meat is synonymous with meat from young grain-fed animals. No 
evidence was found that steers were preferred over heifers and littie conclusive evidence 
was found to favour any particular breed. It would be hoped tiiat such consumer 
preferences would be reflected in the purchasing patterns of buyers, yet discussions with 
buyers suggest tiiat some production areas are favoured and some breeds preferred over 
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otiiers. This is particularly noticeable in South East Queensland, where European breeds 
appear to have favoured status over the Bos indicus breeds. 
6.1.3 Characteristics Affecting Dressing Percentage and Yield 
The physical yield of meat from a beast determines the ultimate output of the processor, 
and so characteristics influencing yield are important. Yield and dressing percentage 
cannot be measured from the live animal and therefore must be estimated by the buyer. 
Dressing percentage differs considerably between animals, commonly varying between 48 
and 60 percent. For an animal weighing approximately 350 kg, the dressed weight could 
vary tiierefore between 175 and 203 kg. This is a variation of between 10 and 12 per cent 
of dressed weight. It should be noted, however, that the variation within any one class of 
animal, for example, steers, would be much less.* Errors do exist in the assessment of 
cattie for quality and dressing percentage and it is likely that these will be more 
significant when cattie are sold individually or in small lots than when cattie are sold in 
larger lots. 
Livestock, however, are often purchased on a lot basis. The errors of 
estimating the yields of tiie individual animals tend to partially cancel out 
when livestock are sold in lots. (North Central Regional Livestock 
Marketing Research Committee, 1954, p.5) 
To minimise any errors, buyers must rely on their experi^ce and judgement. 
Several studies have examined die relationship between estimated and actual dressing percentage 
and grade of livestock. In each study the errors have been found to be of a similar nature, with the 
underestimation and imdervaluation of higher quality cattle and overestimation and overvaluation of lower 
grade cattle [North Central Regional Livestock Marketing Research Committee (1954), Loyns (1965) and 
Park (1979)]. While the differences between actual and estimated dressing perc^itage have been foimd to 
oe statistically significant, the economic significance of these differences would appear to be minor. 
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The variation in dressing percentage is related to certain identifiable factors: sex, age and 
breed. (See Preston and Willis, 1970; Willis and Preston, 1969; and Kempster, 1977.) Hall 
(1981) found tiiat dressing percentage was positively related to tiie weight and fat deptii, 
inversely related to age, and varied witii tiie breed, area of origin and sex of tiie animals. 
(Dairy breeds and females were found to have a lower dressing percentage, on average.) 
In general, cattie that have grown quickly and have a high proportion of meat compared 
to bone, fet and other carcass components yield well. Characteristics tfiat processors 
consider important in this regard are age, sex, fat deptii, muscle score, breed type, tiie 
type of feeding (including grain) and the likelihood of bruising (see Table 6.2). Cows and 
cattle that are aged or very fat tend to yield poorly. A positive relationship will probably 
exist between yield and muscle score, grain feeding and high quality feed. Males are 
generally preferred because of the risk of pregnancy and the consequent low meat yield 
associated with pregnant females. There may be a premium for heifers out of feed lots 
because these females are effectively guaranteed not to be pregnant. Again, breed type 
could be significant if buyers hold strong perceptions about the yield characteristics of 
certain breeds. There is likely to be a negative relationship between yield and the 
presence of excess fat and the likelihood of bruising, both factors that reduce yield. 
6.2 OTHER POTENTIALLY IMPORTANT CHARACTERISTICS OF THE LOT 
There are a number of other potentially important characteristics, not relating directiy 
to ttie amount and quality of meat derived from the live animals, which nonetheless may 
influence how buyers evaluate each lot of live cattie offered for sale. These characteristics 
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relate to tiie general conditions surrounding the sale and are: tiie size of tiie auction 
centre; the position of tiie lot in tiie order of sale; tiie number of animals sold in a lot; 
and tiie uniformity of tiie lot. The last two factors relate to the fact tiiat cattie are sold 
in lots at Queensland liveweight auctions witii sale lots consisting of from one to twenty 
head. Prices paid are for the lot and therefore characteristics relating to the formation 
of the lot, such as tiie degree of heterogeneity in tiie lot as well as the number in the lot 
may be important. 
6.2.1 The Size of the Auction Centre 
Auction centie size has been found to have an impact on the price received for cattie. 
In his study of cattie auctions in the USA, McPherson (1956) found that prices at smaller 
auction centres had a higher degree of variability associated vnth them than those at the 
larger centies. He concluded that the larger auction centres appeared to provide more 
accurate price discovery. Small centres were also found to react more slowly to changes 
in price. It is unlikely that this effect was caused by a difference in the amount of 
information available on market prices, witii all centres studied covered by the USDA 
and State market reporting. 
Stout and Feltiier (1962) also looked at the difference in prices between terminal and 
smaller countiy markets for hogs but found littie indication of any difference in level or 
variability. 
Hogan and Todd's analysis of Australian cattie prices (1979) confirmed McPherson's 
results that prices appear to be more variable at smaller centres. They found no 
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difference in the level of prices between different sized auction centres, contrary to the 
results of Beruldsen (1970) and Hall (1981). 
It is possible that it is the greater number of bidders at larger centi-es ratiier tiian the size 
of tiie centre itself which has an impact on price levels. Ward (1981, 1983) examined the 
effect on price of tiie number of bidders and/or bids. In both studies, he found that the 
number of bidders exerted a positive influence on price. Hogan and Todd (1979) found 
no evidence to confirm this effect. 
6.2.2 The Position of the Lot in the Order of Sale 
Much theoretical and experimental work has been carried out on the effect of the order 
of sale on auction prices (Sosnick, 1963,1965; Smith, 1965; Whan and Richardson, 1969; 
Buccola, 1982; Jarratt, 1987; and VlasUiin, 1988; Mintert et aL, 1990). There are 
theoretical arguments to be found for and against a pattern of declining prices at auctions 
(Sosnick, 1963). The empirical evidence is equally mixed. Sosnick (1965) and Buccola 
both found some evidence of a downward tiend in quality-corrected prices for cattie sold 
at auction in the USA. A fall in prices over tiie last quarter of sales made was observed 
by Mintert et aL witii no fall observed over the previous tiiree quarters. They suggest that 
tills effect is associated with the reduction in tiie number of buyers remaining at the end 
of tiie sale. 
Jarratt, in his study of tiie Tokyo beef carcass market, found that the positicwi in the sale 
had an influence on price, with price being higher in tiie third and seventii decile than 
elsewhere. Vlastuin (1988) found no consistent evidence of this variable on wool prices, 
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although he concluded that price trends may be more prevalent in smaller auction 
centres. 
The relative strength of supply and demand may determine not only whether tiiis variable 
is important but also its likely sign. Whan and Richardson's analysis implied that, in a 
tiiin market with few buyers, a downward tiend can be expected, with average prices 
falling as commitments are met and buyers leave the auction. With many buyers and few 
vendors, the reverse may be expected.. 
The rationale for including such a variable in the present analysis is to identify all 
possible sources of price variation. However, as the standard practise at saleyards in 
(Queensland is to draw for lot position, it is recogiused that this information, about the 
relative price advantage, if any, of different lot positions, is redundant for decision-
making purposes and thus for inclusion in market reports. 
6.2.3 The Number of Head in a Lot 
The number of head in a lot may itself be an important variable in explaining price 
variation not only because heterogeneity will tend to increase with the number of head 
of cattie in a lot but also because post-auction handling costs per head tend to vary 
inversely with the number in the lot. For example, one animzd from each lot must be 
tested post-sale if the cattie are destined for human consumption. This and otiier per lot 
costs may lead to some discounting of tiie price for small lots. This may be offset by tiie 
price premium a small lot may attract because it is more homogeneous. The analysis of 
Mintert et aL (1990) suggests heavy discounting of very small lots. Hogan and Todd 
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(1979) and Todd and Cowell (1981) confirm tiiese results for Austialian cattie auctions, 
with around 60 cents premium paid for every extia head per lot. 
6.2.4 The Heterogeneity of the Cattle Within a Lot 
Prices for each lot vary due to differences in tiie average characteristics exhibited by each 
lot. However, prices may also differ due to tiie different degrees of heterogeneity between 
lots. The relatively large cost per head associated with selling lots consisting of only a 
small number of head encourages vendors to build larger lots. Consequentiy the 
heterogeneity within any particular lot (due to differences between individual animals) 
may be as great or even greater than the differences between lots. Given two lots with 
the same average characteristics, one could expect buyers to pay more for the lot with 
tiie least variation from beast to beast within tiie lot. That is, tiie degree of uniformity of 
cattie within a lot may contribute to the explanation of price variation between lots, with 
premiums being paid for the more uniform lots. 
6.3 THE RESULTS OF PREVIOUS STUDIES WITH REGARD TO SPECIFIC 
LIVE CATTLE CHARACTERISTICS 
In tills section, the results of previous research on the impact of live cattie characteristics 
on tiie price of either live cattie or carcasses which is summarised in Table 6.1, are 
discussed in more detail. 
6.3.1 Age 
A problem exists in identifying tiie separate effects of age on price because of tiie strong 
correlation of weight and age. Age was identified in studies by Park (1979) and Keane 
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and Riordan (1973) to be an insignificant determinant of price variation. In contrast. Hall 
(1981) found an inverse relationship between age and price as did Porter and Todd 
(1985). 
6.3.2 Sex 
The preference for steers, whether related to taste or tiieir superior dressing percentage, 
was evident in several studies with premiums paid for steers (Wittenberg, 1977; Todd and 
Cowell, 1981; Fielder and Martinez, 1974). 
6.3.3 Weight 
Weight has been found to be a significant factor in explaining variations in price in a 
number of studies of fat cattie. Generally, the relationship between price and weight has 
been found to be negative. However, when the dependent variable, price, is expressed as 
$ per head, price is positively related to weight (for example, Todd and Cowell, 1981). 
For a dependent variable expressed in cents per kilogram, the a priori relationship may 
not be as obvious. As was shown above, the relationship may vary depending on the end-
market for the product, with an inverse relationship between price (c/kg) and weight in 
the domestic sector and a positive one in the export sector. The following discussion is 
limited to studies where price is expressed in cents per kilogram, or equivalent. 
A study by Fielder and Martinez (1974) looked at the effect of weight on prices paid for 
calves, steers and heifers at several different Louisiana auctions. They found an inverse 
relationship between price and weight for both steers and heifers. Prices were also found 
to vary considerably across seasons, with different weight ranges exerting varying 
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premiums tiwoughout tiie year. Mintert et ail (1990) also found an inverse relationship 
between cow prices and weight. This was stiongly non-linear, witii premiums increasing 
more rapidly as weight fell. 
Park (1979) also found a very stiong inverse relationship witii around 59% of price 
variation being explained by weight alone. His study was not perhaps typical of an 
ordinary auction in that the cattie's age and liveweight were known to the buyers before 
any bidding began. Fat depth and dressing percentage were also able to be carefully 
assessed prior to bidding. Pricing behaviour could not really be expected to be the same 
under tiiese circumstances as under normal circumstances. As Sosnick (1963) states, when 
discussing the bidding strategy at an auction: 
In practice, buyers - even professionals - do not attempt to protect 
tiiemselves against discrimination by deliberately scattering tiieir purchases 
or by consciously estimating tiieir later supply opportunities. Indeed they 
often learn what is available only as each lot is about to be sold, what does 
preoccupy them is the accurate appraisal of quality differences (Sosnick, 
p. 166). 
In anotiier Australian study, Todd and Cowell (1981) found a negative price-weight 
relationship for the predominantiy domestic trade animals but noted tiiat 'ifexport buyers 
had entered the market stiongly, tiien a positive (c/kg) weight-price relationship could 
have been established'. Hall (1981), on the other hand, found no significant effect of 
weight on price but, in his study the range of weights considered was small. 
6.3.4 Fat Depth 
Botii Park (1979) and Todd and Cowell (1981) found tiiat price was positively related to 
the fat depth of cattie, subjectively assessed in the former study and objectively measured 
in the latter. In the Porter and Todd study, a non-linear relationship was estimated for 
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tiie effect of fat on price. Cattle witii a low fat coverage or a high fat coverage were 
discounted relative to cattie with a fat covering of between 3 mm and 8 mm (Score 2-3). 
6.3.5 Type of Feed 
Porter and Todd (1985) found that whether an animal had been grain-fed or not had a 
significant effect on price (in this study, the carcass price). The premium paid for grain-
fed animals was estimated to be about 15.8 c/kg dressed carcass weight, in 1981 prices. 
6.3.6 Breed 
As indicated above, breeds fatten at different weights and also vary in their distribution 
of fat. Wittenberg (1977) and Todd and Cowell (1981) found tiiat some breeds atti^ct a 
premium over others. Mintert et al (1990) found high premiums for exotic breeds, such 
as Brahman, and suggested that the premiums were paid on expectations of higher meat 
yields from tiiese breeds. 
6.3.7 Area of Origin 
The area which produced the cattie in the lot for sale has been found to be an important 
determinant of price variation. Todd and Cowell (1981) found that cattie from different 
areas attracted different prices. Hall (1981) also found that price varied depending on the 
area of sale but, with cattie being brought in from otiier areas for sale, this may not be 
the same effect as that of production area. 
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CHAPTER 7 
ESTIMATION OF HEDONIC PRICE FUNCTIONS FOR CATTLE I: 
PRELIMINARY ANALYSIS 
A series of hedonic price functions are estimated to indicate the extent to which accurate 
prices are established in cattle auctions in Queensland. In this and the following chapter, 
Uie characteristics of the cattie to be included in these hedonic price functions are 
restiicted to the data collected by the QLMRS for their weekly market reports. The 
usefulness of tiiese characteristics and thus tiie usefulness of the market reports in terms 
of their information content is assessed in the context of the hedonic price analysis. In 
the third chapter, Chapter 9, the set of characteristics is extended to include several of 
the additional characteristics discussed in Chapter 6 to assess whether these extra 
characteristics are important in price determination and thus the discovery of accurate 
prices. This has important implications for the content of market reports. 
In tills chapter, some preliminary examination of the data sets to be used in this and the 
next chapter is undertaken, with detailed consideration of tiie form of the explanatory 
variables and the functional form to be used. The avoidance of potential aggregation 
errors is discussed. In the first section, the data to be used for the analysis are described. 
The form of the independent variables to be used for the analysis is discussed in the 
second section, and is tested using the data for one of the seven saleyards investigated. 
The functional form of the hedonic price functions is then discussed cmd tested. The 
question of whether aggregation is possible is also addressed. 
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7.1 EXPLORATORY DATA ANALYSIS 
The data used for tiie analysis reported in this and tiie following chapter were tiie 
individual lot data collected by market reporters for use in the production of the QLMRS 
market reports. These data were provided by the LMAQ in the form of computer data 
files as they are not available in any published form. Published market reports are 
compiled using these data but these market reports represent a summary of the individual 
lot data (see Table 3.6). The individual lot data contain more specific information than 
tiie averaged data recorded in the form of market reports and are more suitable for 
analysis using the hedonic price technique. 
The data available for individual lots of cattie sold were the price paid for the lot 
(cents/kg), estimated or actual average weight' and estimated fat score of the animals in 
the lot, the number of animals in the lot and whether the cattie were grain or grass fed. 
These data were also classified according to sex/age groupings, saleyard and date of sale. 
The sex/age groupings analysed in this Part of the thesis were limited to Yearlings, Cows, 
Heifers and Steers. No analysis was undertaken of Bulls as data were only available on 
price and weight for this group. 
Seven saleyards were selected for analysis: Brisbane, Dalby, Warwick, Rockhampton and 
three separate yards at Toowoomba, each operated by different agents. These seven 
This varied according to whether the reported saleyards were "live"or "remote", as discussed in 
Section 3.3. 
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saleyards were chosen primarily on the basis of their ranking by size among Queensland 
cattie auction centres. One of these scdeyards, Brisbane, was included because of its 
peculiar characteristic: in 1986, at the beginning of the period covered by this study, this 
saleyard was one of the more important markets in South East Queensland, particularly 
for domestic cattie; by 1991, it had ceased to operate. Whether this declining terminal 
market exhibited different characteristics, in terms of price determination, from the other 
continuing centres is of interest to this study. Only one of the saleyards, Warwick, is a 
"remote" saleyard for the purposes of market reports. As discussed in Section 3.3, the 
procedure for the collection of data differs between the "live"and "remote" saleyards, in 
particular, with regard to the collection of average weight data. For Warwick, the average 
weights are the actual average weights per head in each lot, whereas for the other six 
centies, the data refer to estimated average per head weights. 
A four week period in October of each year between 1986 and 1991 (inclusive) was 
chosen for the analysis of this and the following chapter. This choice was made on the 
basis of the relative stability of cattie prices in Queensland over this period of the year. 
October also represented a period of tiie year which did not suffer from extreme climatic 
effects over tiie years examined. Thus, excessive price volatility and any related adverse 
impact on the stability of parameters over the four week period was avoided. 
An overview of tiie data set is given by the summary statistics in Appendix Tables A7.1 
to A7.4. The summary statistics for Warwick are reproduced in Table 7.1. Some clear 
patterns emerge from an examination of these tables. In particular, at Warwick, a smaller 
number of animals are sold in each lot, on average, while at Rockhampton, tiiere are, on 
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average, larger lot sizes. This is caused, in part, by the different number of single animal 
lots at these two saleyards, with up to a third of all animals sold being in single lots in 
Warwick. The effect of larger lot sizes, if this is also associated witii greater lot 
heterogeneity, may be to reduce pricing accuracy, with greater price averaging over the 
lot. Specifically the price paid may not relate to the average values and therefore quality 
of the lot, but instead to the minimum quality represented by the lot. 
While there are differences in the average weights and fat cover of the animals sold at 
the seven saleyards, these differences are not significant. The larger standard deviations 
on the average weights of lots sold at Warwick are associated with actual average weights. 
AU otiier average weights are the average weights of the lots sold, as estimated by the 
market reporter at the saleyard.^ The larger standard deviations on weight at Warwick, 
compared with elsewhere, indicates that there is more variability in the actual average 
weights than with the estimated average weights. The distribution of estimated weights 
at the "live"saleyards may be less dispersed than the unknown actual weight distribution. 
This has implications for the analysis of tiie data, which are discussed below. 
There is more evidence of imprecision of the estimation of weights in Appendix Table 
A7.1. All lots of yearlings sold at Brisbane in October 1987 weighed an average of 2(X) 
Different market reporters operate at each of the saleyards, with the exception of the three 
Toowoomba sales which are reported by the same reporter. 
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kilograms and all lots of yearlings sold at Rockhampton in October 1986 and October 
1987 weighing an average 210 kilograms. A closer examination of the raw data revealed 
that, in other years, there were only three average weights recorded at Brisbane for all 
lots sold in October between 1986 and 1990: 200 kg, 290 kg and 380 kg. A similar but less 
extieme pattern of limited average weight values for otiier cattie types is evident at 
Rockhampton, though tius is less extieme tiian for tiie yearlings example given above. 
Figures 7.1 and 7.2 show tiie distiibution of weight and fat depth for Cows at Warwick 
and Rockhampton, respectively, for October 1986. The groupings of estimated weights 
at Rockhampton is clear (Figure 7.2). At the other centres, there is less evidence of such 
grouping of the estimates for average weight. The estimates for fat depth appear to be 
spread evenly across the fat scores, as is illustrated for Warwick in Figure 7.1 and 
Appendix Figures A7.1 to A7.6, although again there is evidence of more grouping of 
estimates at other centres (see, for example. Figure 7.2 for Cows at Rockhampton). 
The proportion of animals sold which were grainfed varies between saleyards. No 
grainfed cattie were recorded as being sold at Warwick and Rockhampton but tiiis should 
not be interpreted as indicating that none were sold. The reporters at these yards do not 
distinguish between grass- and grain-fed in their reports. 
7.2 THE A VOro ANCE OF POTENTIAL AGGREGATION PROBLEMS 
In this study, the data were analysed at a disaggregate level as it was believed that 
problems of aggregation could lead to results which were, at best, unclear and, at worst, 
quite misleading (see section 5.3). These problems will now be considered in more detail 
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Figure 7.1 Weight-price and fat-price relationships for Cows: Warwick 1986 
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Figure 7.2 Weight-price and fat-price relationships for Cows:Rockhampton 1986 
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in terms of possible benefits from an analysis which is disaggregated over form, time and 
space. 
7.2.1 Disaggregation over Form 
Careful attention must be paid to the extent of disaggregation across forms of slaughter 
cattie. As indicated by Table 7.1 and Appendix Tables A7.1 to A7.4, there are large 
differences between the characteristics of tiie four types of cattie, specifically, the average 
weight and fat cover of yearlings, cows, heifers and steers. Muellbauer warns that, as far 
as possible, markets should be broken into segments based on commodity groupings 
which make it likely that their consumers have similar marginal rates of substitution and 
that these segments should be studied separately (1974, p.980). Extending this to the 
current context, it was necessary to split the commodity groupings in such a way that tiie 
marginal rates of technical substitiation for the different types of animal are similar for 
meat processors. For example, an extra millimetre of fat on a yearling may be worth a 
lot more than an extra millimetre of fat on a heavy steer. The proper disaggregation will 
allow the correct identification of the implicit marginal prices of the important 
characteristics. Failure to disaggregate may lead to biases in the estimates of the implicit 
prices. 
The broad division in the slaughter cattle market is on the basis of whether the animal 
is primarily for export or domestic consumption. The most important determinants in this 
division are the age and weight of tiie cattie (see Appendix 3.1). Australian domestic 
tastes, as confirmed by Kingston et a/.(1988), favour beef coming from young cattie, less 
than two years old. The market for vealers, yearlings, light steers and heifers is therefore 
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dominated by local demand. The export market is primarily concerned with heavier 
and/or older animals. The sectors dominated by exports are tiie bull, cow and high 
quality heavy steer ('Jap-Ox') markets. 
However, there are carcass types in the middle ranges of weight and age which can be 
used to satisfy either export or local demand. These include the heavier heifers which 
may be consumed here or exported to the USA, Korea or Japan, young cows which can 
be used similarly and medium weight steers which can go to satisfy local or export 
demand. Individual carcasses may even be used for both markets. For example, heavy 
steers (450 to 550 kg liveweight) provide a number of different cuts, some of which are 
suitable for domestic consumption and some for export. 
Despite the danger in considering tiie different sectors of the market as distinct markets 
(Cochrane, 1957), the groupings defmed by QLMRS categories were used for the 
analysis: yearlings (male and female); cows; heifers; and steers. It is recognised that there 
is a degree of substitutability (or end-use overlap) between certain of these groups.^ The 
extent of substitutability may be revealed in the equality (or otherwise) of tiie implicit 
prices of the characteristics for these groups. 
7.2.2 Disaggregation Across Time 
As indicated above (section 4.2.1), both supply and demand factors are implicit in any 
hedonic price relationship estimated, since these functions are of reduced form. Thus any 
It is recognised that there is an even higher degree of substitutability between all types of cattle when 
a longer time horizon is considered. 
133 
shift in these supply or demand relationships may lead to a change in the coefficients of 
tiie characteristics included in the price function. These implicit prices can be interpreted 
as grade price differentials which change witii shifts in the supply and demand for 
different grades (Tomek and Robinson, 1972, p. 138). Thus tiie aggregation of several 
years of data, during which time there may have been significant shifts in supply and/or 
demand, may lead to aggregation bias. As noted above (section 4.3),in many applications, 
hedonic functions are estimated for a number of discrete time periods, allowing for a 
change in the marginal implicit prices between periods (Jordan era/., 1985; Wilson, 1984; 
O'Connor, 1986). Estimation of one function for <dl time periods is to constrzun these 
implicit prices to be constant over time. This is a hypothesis which must be tested. 
Again, there is evidence in Table 7.1 and Appendix Tables A7.1 to A7.4 to support 
disaggregation over the six years of the analysis. Average prices varied by as much as 24 
per cent over the period 1986 to 1991. Hedonic price functions were estimated, therefore, 
for six sub-periods, each covering a four week period in October for each year, from 1986 
to 1991. Whether it is possible to aggregate these functions over a number of time 
periods or not can then be tested. 
7.2.3 Disaggregation Across Space 
In addition, it may not be valid to aggregate the data across auction centres. As is shown 
in Appendix Tables A7.1 to A7.4, average prices for the different types of animal varied 
from centt-e to centie. It is possible, tiierefore, tiiat the values placed on different 
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characteristics also varies across the State." This is more likely for tiie categories of 
animal which can either be exported or consumed locally (for example, heifers). Some 
saleyards may be identified as selling to predominantiy domestic meatworks while others 
may be more oriented to export meatworks. If such a difference in valuation were found 
to exist, this could be taken as a sign of pricing inefficiency in the market. If the valuation 
was higher at one saleyard, then, in an efficient market, there should be forces operating 
to equalise these valuations. 
Again the potential aggregation of different saleyard data for analysis should be tested 
for ratiier tiian assumed. If the value of characteristics is found to be constant throughout 
the region, tiien the data can be aggregated to allow further analysis, for example, of the 
effect of auction centre size on price discovery and pricing efficiency, and to obtain more 
precise estimates of the implicit prices of characteristics. 
7.3 THE AVOIDANCE OF POTENTIAL MEASUREMENT ERROR PROBLEMS 
The form in which the variables enter the hedonic price model is important for this 
particular study. The dependent variable is tiie price paid (in cents per kilogram 
hveweight) for the lot of cattie auctioned. Initially, the independent variables to be 
considered are restricted to those for which data are collected by the QLMRS: tiiat is, 
average (estimated or actual) per head weight of cattie in the lot; average (estimated) fat 
However, it is possible that valuations of characteristics are the same over the State, with any 
oirference in the average price paid representing a difference in the base price of the representative lot. 
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cover of tiie animals in tiie lot; and tiie number of animals in each lot.* These raw data 
are ti^sformed, witii weights and fat deptiis being assigned to ranges, before being 
released in tiie form of the QLMRS reports, as discussed in Chapter 3. (See, for example. 
Table 3.6.) 
The fact tiiat tiie weight and fat cover of cattie are estimated rather tiian measured for 
all of the studied saleyards except Warwick where the recorded weights are the actual 
weights, and tiiat tiie variables are reported in market reports as ranges rather than in 
the continuous form in which they are estimated, has some impact on the form of the 
independent variables to be used in the analysis. It is argued, for three distinct reasons, 
tiiat tiie variables for weight and fat should enter the hedonic price function as 
categorical rather than continuous variables: the first deals with the problem of 
measurement error, the second with whether weight ranges and fat scores act as proxies 
for different quality grades of cattie. The final argument refers to the way information 
is currentiy presented in QLMRS market reports (and, indeed, in those of other State 
reporting services). As shown in Table 3.6, the information is presented in categorical 
form. If one object of the analysis is to assess the information content of these reports, 
a similar form of the variables should be used for that analysis. 
Liveweight, in kilograms, and fat depth, in millimetres, are generally estimated by market 
reporters at tiie centres analysed. There may be differences between the auction centres 
caused by differing estimation abilities among the market reporters. The problems of 
It IS recognised that the omission of other potentially important characteristics of each lot, such as 
•^ ed type and position in the sale, may lead to specification problems. These are not anticipated to be 
severe and are discussed further in Chapters 8 and 9. 
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measurement error for the estimation of hedonic price functions were discussed in 
Chapter 5 (section 5.4). The possible existence of measurement error in the variables 
estimated by the market reporters may result in the estimates obtained for the 
coefficients of the characteristics, that is the implicit marginal prices, being biased. 
Bias, stemming from errors in the measurement of the amount of each characteristic 
possessed by each lot of cattie may be reduced by treating the independent variables for 
weight and fat, where measurement errors are anticipated, as categorical rather than 
continuous variables. As discussed in Chapter 3, tiie raw data for the estimated average 
weight and fat cover of the animals in the lot are transformed, with weights and fat 
deptiis being assigned to ranges, before being released in the form of the QLMRS 
reports. From discussion with LMAQ personnel, it seems likely that, for some market 
reporters, each lot will be appraised with tiiese ranges in mind. Rather than estimating 
weight and fat deptii to the nearest kilogram and millimetre, they may instead choose the 
appropriate weight range and fat score into which tiiey judge tiie animals to fall and 
record a weight and fat depth which lies in that range. If tiiis is the practice, large errors 
may exist in the data when weight and fat are treated as continuous variables for 
estimation purposes. The lack of variability in estimated average weights for 
Rockhampton and Brisbane, in particular, and the lower standard deviations for 
estimated weight compared with actual weights referred to earlier, also provides evidence 
of tills practise. 
However, even if the above is not common practice witii tiie market reporters, the use 
of categorical variables may still be preferred. The reporters are believed to be accurate 
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in allocating the animals to the correct range or score.** Therefore, the potential 
problems of errors in measurement are likely to be greatiy reduced by using categorical 
variables for weight and fat depth.^ 
Anotiier argument in favour of the use of categorical variables is found in the behaviour 
of buyers: they purchase cattie witii a specific end-market in mind for the meat to be 
produced from tiie animals.* For example, they have contracts to fill for export markets 
which specify the type of meat and cuts required. These specifications are generally stated 
in broad weight and fat range terms and the live cattie are bought accordingly. The units 
in which buyers pay is cents per kilogram liveweight. The price received for the end-
product is in cents per kilogram carcass weight or weight of cuts. So, for any given fat 
class and assuming away any differences in dressing percentage or meat yield between 
animals in the same weight range, the price that the buyers are willing to pay, on a cents 
per kilogram basis, should be relatively constant for animals in the same weight range 
(see Diagram 7.1). That is, the marginal implicit prices may be expected to be constant 
Victorian research rejwrted in Naughtin (1980) and Naughtin and Holland (1982) found that errors 
in estimating the average carcass weight and fat depth for lots of cattle were generally less than 20 kg for 
weight and between 1 and 3 mm for fat depth. While not exactly applicable to the current analysis, where 
the weight to be estimated is liveweight rather than carcass weight, errors of equivalent magnitude would 
suggest that errors in allocation to weight classes would be minimal. Errors in allocation to the narrow lower 
fat scores (fat score 1 of 0-2 mm and fat score 3 of 3-6 mm) are more likely with errors of up to 3 mm. In 
the Naughtin studies, 60 per cent of cattle were put into their correct fat class with the remainder into 
adjacent classes. The fat scores in this study are wider than those used in the Victorian studies and the 
errors are expected to be corresponding fewer. Beauchamp (1985) also reported that errors in assessing fat 
cover in terms of fat score are likely to be low: 88 per cent of cattle producers surveyed could correctly 
identify the fat scores of hve cattle. 
It should be noted that the aggregation into categorical data could have a cost in terms of loss in 
information. This is investigated below. 
This is also related to the avoidance of measurement error. (See section 4.4.)If the decision is made 
on the basis of the measured data, that is, weight ranges and fat scores, then measurement errors are not 
"nportant (Koutsoyiannis, 1977,p.260). 
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over each weight/fat class but may vary between classes as tiie end-product changes. 
Thus, weight ranges and fat scores may be acting as proxies for some undefined grades 
of cattie, for which marginal implicit prices may be relatively constant. For example, in 
Diagram 7.1, if the cattie are steers, weight range 4 would represent the weight category 
for heavy steers for export to Japan, attracting a premium compared with the two lower 
weight ranges. Weight range 1 would represent the younger, lighter cattie destined for 
domestic consumption, again attracting a premium. 
Price 
(oeDtspet 
kOofiiffl 
1 2 3 4 
Diagram 7.1 Possible weight-price relationship for cattle 
This assumes, however, tiiat the weight ranges used in the market reports correspond to 
the weight ranges relevant to the requirements of buyers. As the weight ranges used by 
QLMRS correspond closely to those used by AUS-MEAT, and AUS-MEAT have chosen 
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their ranges following discussions with all sectors of the industry, it would be hoped that 
this assumption is valid.' 
The use of categorical rather than continuous data may reduce the problems of functional 
form mis-specification discussed above (section 5.1), with the step function allowing many 
different functional forms to be approximated. However, as noted in Section 5.1.4,there 
is a potential loss in information with the use of the categorical model compared to the 
continuous model. This loss in information may or may not be important depending on 
whetiier the true relationship is continuous or not. Unfortunately, as indicated above 
(Section 5.1.4), the method suggested by Aigner et al (1975) to assess the loss in 
information cannot be modified readily to consider the loss when tiie relationship is of 
an unknown non-linear form. As an alternative, the importance of this loss of information 
in tiie current context may be assessed by considering whether prices (in cents per 
kilogram liveweight) respond to continuous changes in weight and fat or whether they 
respond to changes in categories or classes of animals, defined in terms of weight and fat. 
This can be examined further through the use of the Warwick data set, in which the 
weight variable is measured without error. It will be possible to discern whether the true 
relationship appears to be continuous or otherwise, with respect to weight. The 
appropriate form of the fat variable, whether continuous or categorical, was also 
examined, although it is recognised that this variable is subject to measurement error for 
all data sets, particularly when treated as a continuous variable. 
Discussions with processors suggest that the ranges used for price reporting are indeed similar to those 
"sed for their buying purposes. 
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7.4 THE EMPIRICAL EVIDENCE FOR WARWICK 
The Warwick data set, with its measured rather than estimated weights, was used to test 
for tiie correct specification of tiie model to be used for all tiie data sets in the next 
chapter. In particular, tiie correct form to be used for tiie explanatory variables, weight 
and fat, was examined. The functional form of the hedonic price equation to be used was 
examined and testing for the presence of interaction terms was performed. In addition, 
the potential for aggregation over time was examined. 
7.4.1 Form of the Independent Variables - Continuous or Categorical 
Tests were performed to uncover the basic form of the relationship between price and 
the characteristic variables using the Warwick data set: whether price responds to 
continuous changes in these variables, or whether weight and fat depth are in fact proxies 
for implicit grades or quality classes as discussed above. 
Initially, to obtain more information about the likely specification of the continuous 
model, a series of graphs were plotted to examine the relationship between price and 
weight and price and fat depth. Two sample years (one in the 1986-88 period and one in 
the 1989-91 period) were selected for cows, steers and yearlings. For heifers, only one 
period in the 1986-88 period was used because of the small number of lots sold at 
Warwick during the 1989-91 period. These plots are included in Figures 7.land Appendix 
Figures A7.1 to A7.6. There is some indication that the relationship is not strictiy linear 
so quadratic terms were included for weight and fat in the continuous model.'° Also 
Cubic terms were also included in initial tests but were found to be insignificant. 
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marked on the graphs are the relevant weight ranges and fat scores to be used for the 
categorical model. 
In order to test which form of tiie dependent variable, categorical or continuous, is tiie 
more appropriate for the hedonic price model, three separate models were compared. 
The form of the continuous model, model A, to be tested is: 
P = iSg + ^^weight + ^^weight^ + jS/o/ + ^Jat^ + u^ ...(7.1) Model A 
while tiie categorical model, model B, to be used is: 
P = &Q + Yl^'^ weight range. + ^0^^. fat score. + Ug ...(7.2) Model B 
where tiie weight range and fat score variables were entered as categorical or dummy 
variables. A base weight range and fat score were chosen for each type of animal." The 
constant term in model B represents the price paid for animals in the base weight range 
with the base fat depth. The third model tested, model C, includes weight as a continuous 
variable and fat as a set of categorical variables, recognising the reduction in 
measurement error associated with the use of categorical variables for estimated fat 
deptii, but allowing for continuity in the measured weight: 
P = ^'i + ^'1 weight + ^'^weight^ + Y,^'^[Jaiscorej + u^ ...(7.3) Model C 
The base weight range used for all types except cows was weight range 1. For cows the base used 
was the second range, with low representation in many periods in the first weight range. (See Tables 3.3 and 
•4 for the exact weight ranges represented for each type of cattle.) For all cattle types, the base fat score 
"sed was fat score 3 (equivalent to a fat depth of between 7 and 12 mm). 
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Also included in the models are variables representing the number of animals sold in the 
lot and interaction terms for weight*fat. These variables are common to all three models 
and have been omitted from the equations above to highlight the key differences between 
the models. The procedure followed was to compare models A and B first, tiien models 
A and C to test for continuity of tiie fat variable, and fmally, models B and C to test for 
the continuity of the weight variable, in the context of modelling fat as categorical to 
reduce potential measurement errors. 
Models A, B and C are non-nested models since the explanatory variables of two of the 
three models cannot be expressed as a subset of the third model. Specific testing 
techniques have been developed to test the hypotheses represented by the non-nested 
models and thus determine which is the preferred model. Two such tests are the J-test 
of Davidson and MacKinnon (1981) and a variation of the common F-test.'^ 
The J-test is carried out by estimating each model using OLS and fmding the predicted 
values for the dependent variable from each of the models. The predicted values are then 
entered as an explanatory variable into the competing model. The coefficient on these 
predicted values is then tested for significance. For example, first, model A is estimated, 
then tiie predicted prices using model A are found: 
.^4 = 0^ "^  b^weight + b^weight'^ + bj'at + bjat'^ ...(7.4) 
Then the following equation is estimated and the hypothesis 7 = 0 is tested. 
These tests and their limitations are discussed by Godfirey (1983). 
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p = ^'^ + 'Y ^'.weight range ^  + Y^^[^j fat score^ + 7^^ + u ...(7.5) 
If the hypothesis is not rejected, then the hypothesis that model B is the correct model 
is not rejected by the model A hypothesis. Similarly, if the hypothesis that 7 = 0 is 
rejected, then model B is rejected by model A. 
The second stage of the J-test is to find the predicted values for P using model B 
(equation 7.6) and then incorporate these into model A (equation 7.7). 
K^K ^ "^b'. weight range. + Y^b'^^-fatscore^ ...(7.6) 
.=1 M 
F = ISQ + ^^weight + ^^weight^ + jS/o/ + iS/o/^ + dP^ + v ...{1.1) 
The hypothesis that 5 = 0 is then tested. If the hypothesis is not rejected, then the 
hypothesis that model A is the correct model is not rejected by the model B hypothesis. 
Similarly, if the hypothesis that 5 = 0 is rejected, then model A is rejected by model B. 
One limitation of the J-test is that it can produce the result that both models are 
acceptable or that both models are unacceptable, as well as producing evidence of the 
superiority of one model over the other. In such a case, the F-test approach can be used 
to produce further insight into the preferred model. The F-test procedure is to embed the 
models within a comprehensive model, including the explanatory variables of both 
models. Two further models are estimated, each excluding the explanatory variables of 
the competing models and F-tests are then carried out for the significance of the excluded 
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model. These two tests together provide a better indication of the preferred model. 
Limitations exist when there is collinearity between the two groups of variables in the two 
models. 
There are problems in the use of these or indeed any tests for specification in the 
presence of measurement error. The true probability distributions of the test statistics are 
unknown if the data are measured with error. In consequence, the probability levels 
associated with the tests may not be exact. The problem of testing using data with 
measurement error problems has not been investigated in the literature. No guidance is 
available for use in an applied analysis. The J- and F-tests may not be strictiy valid in the 
current context but are used in the absence of any other technique. 
The results of the tests comparing model A witii model B are shown in Tables 7.2 and 
7.3.Both these tests show model A to be the preferred model, witii the F-tests confirming 
the results of tiie J-tests. For the J-tests, in 15 out of 21 data sets. Model A rejected 
Model B; in 2 out of 21 (botii in 1989), Model B rejected Model A; and for the 
remaining 4 data sets, both models were rejected by their alternative. For the F-tests, the 
omission of Model A variables from the composite model was found to reduce the 
explanatory power of the model significantiy in 15 out of 21 data sets. In three cases, 
Models A and B were both found to be appropriate, with the omission of either being 
significant. Model A was found to be insignificant in its effect on prices in only three 
cases. 
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Models A and C were tiien compared to see whether the categorical form of the 
estimated fat variable, which is presumed to be have littie measurement error associated 
with it, can be considered equivalent, in terms of model specification, to the continuous 
form. The results of these tests are shown in Tables 7.4 and 7.5. 
Again, tiie continuous form model. Model A, appears to dominate over the mixed model 
C. For tiie J-tests, in 11 out of 21 data sets, Model C was rejected by Model A; for two 
data sets (both in 1989), Model A was rejected by Model C; in three cases, both models 
were rejected by the alternative; and in five cases, neither model was rejected. The F-test 
results also reflect the dominance of Model A over Model C but to a lesser extent. In 
only 8 of the 21 data sets was the exclusion of tiie continuous form of the fat variables 
(Model A) significant. In six instances, both forms were found to have a significant 
influence on price, while for five sets of data, neither form was significant. 
Finally, Models B and C were compared, to establish whether price responds continuously 
or in a stepwise manner to changes in weight. The results of the J- and F-tests, comparing 
Models B and C,are shown in Tables 7.6 and 7.7. Again, the continuous form, for weight 
in this case, dominates the categorical model. For the majority of data sets, for botii the 
F- and J-tests, Model C which incorporates weight as continuous, rejected Model B, the 
categorical model. 
From tiie comparison of tiie three models, it appears that price responds to weight and 
fat in a continuous way, although the evidence is less strong for tiie form of the fat 
variable. It may be tiiat tiie weight ranges used by the QLMRS are not the ranges used 
146 
Table 7.2 J-test results for models A and B 
Cattle tvpe and vear 
Yearlings 1986 
1987 
1988 
1989 
1990 
1991 
Cows 1986 
1987 
1988 
1989 
1990 
1991 
Heifers 1986 
1987 
1988 
Steers 1986 
1987 
1988 
1989 
1990 
1991 
Coefficient on P. 
0.923*** (3.21) 
0.945 *•* (3.80) 
1.210*** (3.80) 
0.903 *** (5.53) 
1.041*** (4.10) 
0.912*** 
r3.691 
1.176*** 
(5.93) 
I 444*** 
(3.34) 
1.671*** (3.71) 
0.450 (1.64) 
0.900*** (3.08) 
0.866*** 
r4.4n 
0.664* (1.83) 
1.300*** (3.88) 
0.986*** (3.14) 
0.678*** (3.25) 
-0.934** (-2.07) 
1.148*** 
(4.22) 
-0.312 (-0.66) 
1.201*** (4.69) 
1.138*** (4.36) 
Coefficient on P^ 
-0.591 (-0.26) 
0.256 (0.71) 
0.090 (0.27) 
0.611*** (4.85) 
0.131 (1.34) 
0.133 
f0.721 
0.903 (0.57) 
0.031 (0.14) 
0.130 
(0.42) 
0.476** (2.18) 
0.519** (2.27) 
0.408*** 
r2.741 
0.351 (1.19) 
0.211 (0.52) 
0.093 
ro.22^ 
0.141 (1.30) 
0.695 *** (4.30) 
0.297 
(1.41) 
1.430*** (4.25) 
0.305 
(1.02) 
-0.321 (-1.56) 
* • 
* 
significantly different from zero at the 1 per cent level 
significantly different from zero at the 5 per cent level 
significantly different from zero at the 10 per cent level 
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Table 7.3 F-test results for models A and B 
Cattle type and 
Yearlings 
Cows 
Heifers 
Steers 
year 
1986 
1987 
1988 
1989 
1990 
1991 
1986 
1987 
1988 
1989 
1990 
1991 
1986 
1987 
1988 
1986 
1987 
1988 
1989 
1990 
1991 
Omission of A 
3.87*** 
3.81*** 
3.27** 
9 44*** 
4.46*** 
3.83*** 
9.33 *** 
2.91 ** 
4.32*** 
1.52 
2.73* 
5.12*** 
1.02 
4 07 mm* 
3.51*** 
3.02** 
1.95* 
5.10*** 
1.32 
727*** 
4.90*** 
Omission of B 
0.77 
0.46 
0.58 
5.10*** 
0.68 
1.10 
0.80 
1.69 
1.54 
1.32 
1.29 
2.41 ** 
1.21 
0.66 
0.41 
0.94 
3.16*** 
1.51 
2.60** 
1*56 
0.93 
*** 
** 
* 
significant at the 1 per cent level 
significant at the 5 per cent level 
significant at the 10 per cent level 
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Table 7.4 J-test results for models A and C 
1 Cattle tvoe and vear 
j Yearlings 1986 
1987 
1988 
1989 
1990 
1991 
1 Cows 1986 
1987 
1981 
1989 
1990 
1991 
Heifers 1986 
1917 
19S8 
1 Steers 1986 
1987 
1988 
1 1989 
j 1990 
1 
Coefficient on P ^  
-0.146 (-0.26) 
1.731* (1.85) 
-0.312 (-0.27) 
3.591 *•* (3.84) 
1.452** (2.44) 
1.482** 
r3.5n 
1.012*** (5.05) 
1.378** (2.24) 
1.143 (1.82) * 
0.078 (0.28) 
0.917*** (2.94) 
0.625** (l.A5\ 
1.389*** (2.79) 
0.796 (0.99) 
0.440 
f0.571 
0.240 
(1.21) 
-1.020** (-2.55) 
1.799** (2.54) 
-0.913 (-1.59) 
3.460*** (2.96) 
0.989*** (3.48) 
Coefficient on P-
0.113 (0.57) 
0.343 (0.84) 
-0.037 
(-0.10) 
0.788*** (3.44) 
0.299 (1.08) 
-0.036 
r-0.191 
0.166 (1.09) 
0.116 (0.59) 
0.148 (0.70) 
0.493 *** (2.58) 
0.065 (0.23) 
0.410*** 
r2.681 
0.189 (0.06) 
0.369 
(0.95) 
0.871 
f0.931 
0.104 
(1.22) 
0.314*** (2.79) 
0.071 
(0.25) 
1.247*** (3.36) 
0.366 (0.86) 
-0.319 (-1.62) 
** 
* 
significantly different fit)m zero at the 1 per cent level 
significantly different from zero at the 5 per cent level 
significantly different fix)m zero at the 10 per cent level 
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Table 7.5 F-test results for models A and C 
** 
* 
significant at the 1 per cent level 
significant at the 5 per cent level 
significant at the 10 p>er c«it level 
1 Cattle tvpe and vear 
1 Yearlings 1986 
1987 
1988 
1989 
1990 
1991 
Cows 1986 
1987 
1988 
j 1989 
1 1990 
1991 
Heifers 1986 
1 1987 
1 1988 
1 Steers 1986 
1987 
1988 
1989 
1 1990 
1 1991 
Omission of A 
1.48 
1.52 
0.34 
7.43*** 
2.98** 
6.61*** 
12.91*** 
4.58** 
2.37* 
0.12 
5.26*** 
3.15** 
6.25 *** 
1.69 
0.21 
4.45 *** 
3.28** 
3.23 ** 
1.10 
5.31*** 
6.19*** 
Omission of C 
0.36 
0.22 
0.07 1 
4.47*** 1 
1.22 1 
0.06 1 
1.37 
4.67 *** 
3.48 ** 
2.03 * 1 
0.48 1 
4.44*** 
0.27 
0.33 
0.65 
l."^  1 
3.60** 1 
2.01 1 
3.74** 1 
2.36* 
1.86 
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Table 7.6 J-test results for models B and C 
1 
1 Cattle tvpe and vear 
Yearlings 1986 
1987 
1988 
1989 
1990 
1991 
Cows 1986 
1987 
1 1988 
1989 
1990 
1991 
Heifers 1986 
1987 
1988 
Steers 1986 
1987 
1988 
1989 
1990 
1 
Coefficient on P„ 
-0.324 (-1.24) 
0.150 (0.82) 
0.528 (1.28) 
0.970*** (3.74) 
-0.261 (-0.36) 
0.414 
ri.on 
-0.065 (-0.43) 
-0.281 (-0.60) 
0.340 (1.26) 
-0.075 (-0.38) 
0.508** (2.36) 
0.092 
rO.571 
1.228 (1.41) 
-0.794 (-0.67) 
-0.110 
r-0.181 
0.179* (1.94) 
0.595*** 
(3.86) 
0.332 (0.98) 
-0.429 (-0.42) 
0.152 (0.24) 
0.152 (0.76) 
Coefficient on P^, 
-0.005 (-0.02) 
1.061* (1.80) 
-0.632 (-1.18) 
0.994** 
(2.38) 1 
-2.834*** 1 (-3.80) 1 
•0.742* 1 
0.579*** (3.97) 
0.471 (1.23) 
1.091*** (2.86) 
0.490** (2.47) 
0.527 ** (2.05) 
0.579 **• 
r3.701 
0.252 (0.55) 
0.664* (1.89) 
2.045 *** 
r3.241 
0.336*** (3.43) 
-0.210 
(-1.20) 
0.101 
(0.22) 
0.669* (1.80) 
1.078*** (3.22) 
0.309* (1.66) 
*** 
** 
* 
significantly different from zero at the 1 per cent level 
significantly different from zero at the 5 per cent level 
significantly differrait from zero at die 10 per cent level 
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Table 7.7 F-test results for models B and C 
rattle tvoe and 
Yearlings 
1 
1 1 
1 
1 
Cows 
1 
Heifers 
Steers 
vear 
1986 
1987 
1988 
1989 
1990 
1991 
19S6 
1987 
1988 
1989 
1990 
1991 
1986 
1987 
1988 
1986 
1987 
1988 
1989 
1990 
1991 
Omission of B 
0.80 
0.40 
0.11 
5.03 *** 
0.18 
2.75** 
0.59 
0.21 
3.16** 
0.21 
3.55** 
0.26 
1.09 
0.92 
0.02 
2.83** 
5.52*** 
0.50 
1.12 
0.13 
0.29 
Omission of C 
3.34** 
7.34*** 
6.43 *** 
9.77*** 
7.23*** 1 
1.94 1 
8.30*** 1 
1.34 1 
4.90 *** 
3.06** 
2.16 
7.24*** 
1.32 
7.04*** 
5.27*** 
6.32*** 
0.94 
4.15** 
1.67 
6.08*** 
1.84 
*** 
* * 
* 
significant at the 1 per cent level 
significant at the 5 per cent level 
significant at the 10 per cent level 
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by tiie buyers and tiius tiie weight range variables are found to be inappropriate, while 
the fat scores, being much narrower, are closer to tiie categories used by buyers.'' That 
the appropriate form of tiie model appears to be tiie continuous model (A) poses some 
problems for tiie analysis of tiie otiier six saleyards where tiie observed data for weight 
are estimated weights and thus may be subject to measurement error which, in some 
instances at least, is known to be severe. 
There are other reasons for concern over the use of the continuous form of the variables 
in the hedonic price models for the complete analysis. Multicollinearity is likely to be a 
more severe problem in tiie continuous variable model. Model A. For the Warwick data, 
condition indices (CIs) for the set of explanatory variables in Model A were in excess of 
20,(X)0.For Model C, these indices were below 100. For the categorical model, Model B, 
the CIs were below 10. 
While the J- and F- tests indicate the superiority of the continuous specification, tiiey 
cannot indicate tiie relative performance of these models in explaining price variability. 
Furtiier specification tests on the three models were carried out to compare some 
performance measures of the models, with the results shown in Table 7.8. The 
performance measures used were: 
R' 
Conditional Mean Square Prediction Criterion (PC) 
Akaike Information Criterion (AIC) 
Schwartz Criterion (SC) 
Discussions with one abattoir suggest that this is the case for some categories of animal. The forms 
used by this abattoir in their assessment of cattle split weight ranges 2 and 3 into four groups. However, the 
same group also divided the wider fat score ranges 3 and 4 are into four groups r^resented by 3- and 3 -I-, 
and 4- and 4 -)-. 
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Ramsey's RESET tests for specification testing 
Heteroscedasticity tests. 
The first four of these measures are based on how well the models fit the data set after 
— 2 
an allowance for parsimony. The PC and AIC criteria are closely related to the^ 
criterion, witii differing penalties attached to tiie number of explanatory variables in the 
model. On tiiese criteria, tiie best fitting model is the one which has the maximum R , 
or tiie minimum value for tiie PC, AIC or SC. Again, tiiere may be problems in using 
these criteria which are generally used in a nested testing environment. Here they are 
used to illustrate the relative performance of the three models with regard to their 
explanatory power. If littie difference exists, then the preferred model, from an applied 
point of view, may be that which minimises the other problems implicit in the data sets, 
such as measurement error and multicollinearity. 
The final two tests are included as checks on the residuals of each of the models. The 
RESET test is a test for specification error. The predicted values of the dependent 
variable are calculated and three additional regressions formed by including second, third 
and fourth powers of the predicted values of the dependent variable. For example, for 
Model A, equation (7.8) is estimated and the powers of the predicted values for price 
included in equation (7.9). 
^^  = /jg + b ^ weight + b^weight'^ + bjat + bjat^ ...(7.8) 
^ = iS; + ^{weight + ^\weight^ + ^'Jat + ^Ifat^ + y.P] + y/l + y/*^ + u' ...(7.9) 
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The RESET (4) test is an F-test on tiie significance (from zero) of tiie tiiree 7 
coefficients. A number of heteroscedasticity tests were carried out witii tiieir results 
summarised in Table 7.8. 
The results of Table 7.8 confirm the superiority of Model A for most groups of data, witii 
Model B generally performing the least well.'* However, the model performances are 
not dissimilar, witii all performing well on the RESET specification tests and with the 
heteroscedasticity indicated for some data sets unaffected by the choice of continuous or 
categorical model. 
The superiority of Models A and C over Model B in most of these tests suggests that 
price responds in some continuous way to the average weight of tiie lot of cattie sold. 
Further analysis was carried out to investigate the nature of this relationship. The results 
of tills analysis are presented in Appendix 7.2. These results suggest tiiat there is some 
form of continuous relationship between price and weight, particularly for the lots sold 
which fall into tiie middle weight classes. However, the form of this relationship appears 
to be complex and variable. Another possible explanation for the significance of the 
continuous weight variable is tiiat the categories used in the discrete form of the model 
are not the appropriate ones. It may be that narrower weight ranges are used by buyers 
in their appraisals. This is an area which requires more detailed consideration with 
potentially important implications for the weight ranges used in market reports. 
Exertions to this, when Model B performed best, are for Steers in 1987 and 1989. 
155 
u 
> 
•a 
E 
-a 
Si 
8 
00 
t>^" 
g 
« 
X 
•* 
1 f -
RE
S]
 
1 tn 
1 fr, 
RE
S] 
1 es 
f/i 
^ 
X—s 
1 ^ 
U M 
. ^ s 
M 
0 
u 
^ 
u a. 
13 
"2 
:s, 
<ti 
1 ^ 
i s 
fe
ar
 
S S S6 
>s >-. >% 
•«* o\ r^ 
f^j Tj- 0 
^ 0 -" 
"* *o ^ 
^ en 00 
— 0 0 
t ~ m 10 
— 0 p^ 
0 0 0 
cs >r» 5 
T f Tj- - ^ 
<*^  f ^ f^ 
^ «n <s 
?^ f*^ (^ 
(^ f o f^ 
Ov r^ — ( S 0 VO 
r - 00 r~-
<N CM ( N 
P- f^ ( S 
5 5 5 
0 0 0 
< OQ U 
VO 
00 
.-^  
s s s > . > > > , 
f^ — f<^ 
VO f n 00 
0 0 0 
0 vO t ' l 
VO r F 0 
0 0 — 
2?2S 
0 0 0 
» - Cv • * 
VO VO VO 
f*^ r*^  f*^ 
0 \ VO 0 
•^ ^r> \ri 
f^ f^ f^ 
VO 0 \ — 
VO Ov «S 
t S T t f<1 
f*^ f^ t^ 
00 ov 00 
<s «s r i 
0 0 0 
< CO U 
p-
00 
ON 
w^ 
0 0 0 
fl a e 
00 — 00 
0 >0 VO 
— 0 — 
»n p- Q 
^ p - 0 
0 0 — 
0 00 f o 
Ov VO 00 
0 0 — 
Ov ^ — 
— ( S M 
• t T f Tt 
00 C4 00 
0 — 0 
•<t - t -if 
VO 00 — 
Ov rn "ir 
00 — a . 
VO VO W^ 
r^ ( S 00 
— 00 0 ts — r< 
0 0 0 
< OQ U 
00 
00 
Ov 
w^ 
2 2 2 
a e a 
rt (T, (f, 
00 r^ <s 
.M .-1 VO 
— f n 00 
0 VO 0 
M — r n 
00 Ov >o 
00 ( S 00 
— «S CM 
P~ 0 00 
VO P- VO 
t •<*• • * 
00 0 Ov 
<r^  VO vrt 
- t • * • * 
0 Ov m 
t ^ r r r^ 
P- Ov 00 
Ov Ov Ov 
»^^  m —< 
^ ? 3 « 
o d d 
< OQ U 
Ov 
00 
Ov 
wm 
S 8 S 
>,>»>> 
<n Ov ( S 
VO VO " * 
0 0 0 
m '^ vp 
VO —' f ^ 
0 0 0 
2 ^ 3 8 
0 0 0 
>A cs «r> 
p^ 00 p^ 
•<t - t • * 
«r) Ov VO 
VO VO vO 
• * • * I t 
— 00 r o 
s s s 
• ^ — 00 
— 0 0 0 
r^ ( S »«^ 
0 0 0 
' 
< OQ U 
Q 
^ 
^^ 
a a a 
Ov r~ 00 
VO Ov t ^ 
d — — 1 
1 
p * VO g 
' ^ - : ^ 
0 f S t s 
00 T t r^ 
>n t ^ 0 
0 r<^ m 
Ov 0 0 0 0 1 
w^ VO VO n 
•<t -^ • * H 
t - «*^ • * 
•^ yrt \rt 
•^ rt -t 
^ VO VO 
0 vn vO 
P^ OJ pn 
00 Ov Ov 
r~ 0 — 
00 vo v/^ 
• * ^ • * 
0 0 0 
< OQ U 
^ M 
19
9 
156 
"8 
3 
C 
•a i 
e 
1 
'^  
12 
1 '*^ 
[i; 
1 
i 
(S 
00 
_0 
QJ 
V3 
_0 
u 
a. 
'ft: 
'H 
[i 
s s s 
>, >, >^  
00 00 r~ 
Ov p~ vn 
(S — — 
t^  ^  «s 
cs o — 
o — o 
Ov P^ VO 
M O — 
o (s o 
t^  t^  cs 
f«^  Tt ^ 
f*^  f*^  f^ 
00 VO tn 
N <n ro 
t^ f*^ f> 
vn p~- vn 
vn 00 m 
VO 00 VO 
r) c^J (s 
(S Q «»^  fS 5 O 
VO vn VO 
o o o 
< OQ U 
VO 
00 
Ov 
s s s 
^ tn 0\ 
t^ •«* o 
o o o 
fn •- — 
VO O •* 
o o o 
vn o ? 
o o o 
00 fs 00 
tn ^ r<^  
tn en f^ 
« n • * • * 
<s cs fS 
C^ f^ f*^  
Ov — O 
— vn vn 
w^ >r) \ri 
(S fS (S 
fn VO t~ 
P^ v5 VO 
vn vn vn 
o o o 
< OQ U 
p^ 
00 
Ov 
O O O 
a a a 
«»^  00 VO 
00 (s 00 
— o — 
Ov CO 00 
•* — VO 
— o o 
0\ ir^ '^ 
•«t r4 «s 
«s o — 
vn ^ CO 
Ov O O 
rn ^ ^ 
00 00 00 
en <n fn 
O •^ Ov 
fn '^  m 
m r- t^ 
•* t -t 
— — o 
^ rj cs 
• ^ • * -"t 
o o o 
< OQ L) 
00 
00 
Ov 
S S8 S 
>v >v >v 
cs Ov vn 
00 vn 00 
rJ <n cs 
00 Ov 00 
P- Ov o 
— ^ en 
— VO vn 
vn p- VO 
— vn cs 
O en O 
CS CS CS 
• * • * • * 
S2§ 
•* ^ Tt 
vn ^ 'a-
vn o Ov 
Ov O 00 
vn >o vn 
O Ov 00 
Ov 00 Ov 
- * •* T t 
o o o 
< OQ U 
Ov 
00 
Ov 
1*4 
0 
o 
Ov 
en 
Ov 
vn 
•* 
00 
cs 
• * 
• * 
00 
Ov 
m 
cn 
>n 
Ov 
cs 
o 
s s 
vn m 
— en 
vn rf 
;8i2 
Tf -. 
en 00 
m O 
m o 
cs cs 
•* ^ 
SS 
•t •* 
vn cs 
— en 
VO t^ 
vn vn 
m vn 
— Ov 
^ en 
O O 
< OQ U 
*-N 
J8 S S 
>^  >^  >^  
t^  o — 
O en — 
1 O cs m H 
O •* VO U 
^ ^ ^ '•^ y 
vo <n — H 
« Ov O 1 
O — O 
Ov <• Ov 
•* vn ^ 
• ^ • ^ • * 
1 
00 Q VO H 
tn ^ en H 
•* •* •^  1 
P Ov Tt 
Ov VO en 
Ov — 00 
P~ 00 P^ 
— Tf en 
CS — en 
tri \rt \rt 
O O O 
< OQ U 
1 
157 
3 C 
•a 
c 
8 
00 
i 
M 
^ 
ac 
•<t 
S 
RE
S 
en 
\^ 
RE
S 
1 cs 1 ^ 
1 w 
 <^ 
^ 
.^ 
00 
o 
CO 
00 
o O 
U 
^ 
u 
n d. 
es 
"ft; 
-
1 *> 
^ 
1 s 
1 
•R 
fi 
G O O 
a e a 
— vn vn 
t ~ cs • * 
o o o 
• * t ~ • * 
Ov en vO 
O O O 
Tf 00 Tf 
vn • * Ov 
— o o 
Ov O Ov 
vn f^ « 
en en en 
— Ov Ov 
•«t ^ ^ 
en en en 
— en ^ 
CS Ov 00 
O es CS 
r*\ f^ t*^ 
m 00 o VO — c^  
^ • * Tf 
O O O 
< CQ U 
VO 
00 
Ov 
O O O 
s e a 
vn T t Ov ( s 00 vn 
t ^ • * • * 
00 p^ —I 
— r ) cs 
r~ Ov vn 
vn en ^ 
n en cs 
c^  •* en 
^ VO vn 
en en en 
VO — Ov 
CS •<t CS 
f^ f o f ^ 
8 2 8 
VO o t ^ 
cs en cs 
00 O Ov 
— en Ov 
•* en en 
O O O 
< OQ U 
r-
00 
Ov 
W^ 
O 
a 
p~ 
00 
o 
0 0 
Ov 
O 
en 
cs 
> M 
vn 
Ov 
•* 
^^  p~ 
•<t 
Ov 
VO 
d 
^^  
00 
cs 
o 
< 
0 0 
0 0 
Ov 
w^ 
o o 
a a 
en cs 
en cs 
O O 
^ S 
o o 
SS 
o o 
SS! 
vn ^ 
— o 0 0 p -
•"l- • * 
R o 
s = 
cs cs 
O 00 
cs cs 
o o 
• 1 
OQ U 1 
158 
"S 
3 
C 
•a 
c 
o 
u 
00 
J) 
15 
f2 
, 
^ 
ac 
•«t 
fT) 
RE
S 
en 
15 
RE
S 
cs 
RE
S 
-^^ 
o 
CO 
M 
o 
"^ 
o 
^ 
u 
«s 
ift; 
fl *» 1 ^ 1 ^ 
ite
er
s 
•^j 
s s s 
>^ >-. >v 
en en vn 
Ov O VO 
•«t cs — 
o o ^ 
cs VO O 
•* cs cs 
S2g ; 
cs en — 
t^ O P^  
cs en cs 
en en en 
Ov — O 
-" CS CS 
en en en 
o — o 
en 00 vn 
•*' -"t • * 
cs cs cs 
en o cs 
\ri trt \r> 
p^ r»- p^ 
o o o 
< OQ U 
VO 
00 
Ov 
iS » 
>N >» 
CS — 
00 Ov 
m — 
SP? 
•* cs 
o vn 
00 en 
vn en 
w^ ^M 
-" — 
en m 
f^  Q 
^ 
>x 
^^ 
00 
CS 
p^ 
cs 
en 
•* 
en 
«-4 
-" 
en 
cs 
O O O 
en en 
«s 
o o 
cs cs 
en p^ 
cs en 
VO VO 
O O 
< OQ 
t^ 
00 
Ov 
wm 
en 
vn 
vn 
O 
cs 
VO 
es VO 
o 
U 
O O O 
a a a 
en vn 00 
0\ r^ yr> 
o o o 
vn 00 vn 
»n m vn 
o o O 
•^  vn Ov 
o> t^ vn 
O O O 
cs O en 
Ov O Ov 
en •* en 
O !$ -^ 
00 00 00 
en en en 
— vn ^ 
P~ VO o 
5^!5 
Ov 00 t^ 
^rt t*^ \rt 
en en en 
o o o 
< OQ U 
00 
00 
Ov 
s s s 
>v >^ >v 
Ov O r4 
en —« p» 
O — O 
en 00 p« 
"• vn o 
o — — 
VO vn p^ 
00 -H Ov 
O CS o 
p~ en 00 
cs cs cs 
en en en 
en p^ 00 
O Ov Ov 
en cs cs 
•* o vn 
VO vn 00 
O Ov Ov 
cs — — 
VO t^ — 
V^ 0\ 9^ 
en en en 
o o o 
< OQ U 
Ov 
00 
Ov 
V i ^ 
^ fi 
>» >% 
cs r^  
O VO 
vn — 
00 Ov 
VO cs 
•* cs 
•t «t 
IT) vn 
VO -"t 
t^ en 
cs •* 
• * • * 
M en 
— CS 
Tt •* 
00 00 
VO VO 
O 00 
VO VO 
O P~ 
cs cs 
cs — 
o o 
< OQ 
a 
'^ 
» 
>v 
M 
VO 
cs 
o 
Ov 
en 
,M 
o 
o 
00 
en 
• * 
• * 
v-H 
't 
Ov 
VO 
(N 
VO 
ov 
Ov 
•^  
o 
u 
c o o l 
a a a u 
cs '^  00 1 
00 Ov vn B 
o — — 
00 — 00 
•* Ov cs 
o cs cs 
— Ov Ov 1 
VO VO ^ 1 
d en -< 1 
1 
cs cs 00 1 
en ^ en 
Tt ^ ^ 
•«t CS Ov 
— CS — 
rf •<• -"t 
00 r~- 00 
vn o> Ov 
cs r- vn 
VO VO VO y 
00 t^ c^ 1 
— 00 Ov 1 
VO m VO 1 
d d d y 
1 
< OQ U j 
i 
V«4 
159 
Given tiiat tiie overall performance of Models A, B and C are very similar as indicated 
in Table 7.8, for reasons of measurement error and to reduce tiie problems of 
multicollinearity. Model B WSLS chosen for furtiier analysis for all the data sets. Altiiough 
there is no measurement error in tiie weight variable for Warwick, tiie categorical model 
was used for tiiis data to provide consistency and comparability of tiie results. It is 
recognised that some mis-specification is possible using this approach but the above tests 
indicate that this problem is unlikely to be severe. 
7.4.2 Specification of Functional Form 
The use of categorical data for the weight and fat variables makes the selection of an 
appropriate functional form to be used in tiie hedonic price model rather tiivial. Step 
functions of tiie form illustrated in Diagram 5.1 allow a very flexible functional 
relationship to be approximated. The Box Cox methodology outlined in Chapter 5 is 
extiemely limited in tiiis context. However, the correct functional form for the non-
categorical variables, price and number of animals in the lot, was investigated using this 
methodology. 
The procedure followed was to estimate tiie Box Cox model and then tiie restricted 
model with the transformation on the two non-categorical variables restricted to a 
number of standard transformations, including the linear form. The validity of these 
restrictions was tested for using likelihood ratio tests. A subset of the Warwick data sets 
was chosen for tins analysis witii tiie results presented in Table 7.9 being for 1986 and 
1991 only. These are representative of the more general results. 
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Table 7.9 Likelihood ratio tests for functional form 
Yearlings 
1986 
1991 
1 Cows 
1986 
1 1991 
Heifers 
1986 
1991 
Steers 
1986 
1991 
Lx)g-likelihood value for 
optimal Box-Cox model 
-1078.5 (X=3.13) 
-3962.4 (X=2.63) 
-1658.6 (X = 1.82) 
-1579.0 (X=2.84) 
-584.24 (X = 1.83) 
Sample too small 
-1986.9 (X=2.71) 
-650.26 (X=2.58) 
Log-likelihood 
value for linear 
form 
-1082.3 
-3964.7 
-1660.1 
-1601.8 
-585.21 
-1993.2 
-660.02 
Likelihood 
ratio statistic 
7.6*** 
4.6** 1 
2 .9* 1 
45.6*** 1 
1.94 
12.6*** 
19 4*** 
*** indicates linear form rejected at 1% level 
** indicates linear form rejected at 5% level 
* indicates linear form rejected at 10% level 
In most cases, the Box Cox transformation differed significantiy from any standard 
transformation. However, of tiie standard alternatives, tiie linear form performed best and 
it is this one witii which tiie Box-Cox 'optimal' functional form was compared. For Heifers 
in 1986, tiie performance of tiie linear form was not significantiy different from tiie 
optimal Box-Cox model, and for Cows in 1986, the linear form was only marginally 
rejected as inferior. The linear form was chosen for all further analysis for a number of 
reasons, despite its poorer performance. The main criticism of the use of the linear model 
m hedonic price analysis is tiie implicit assumption in this function that marginal implicit 
prices are constant regardless of tiie quantity of tiie characteristic held by tiie commodity. 
The criticism is not valid for the step function where marginal prices are constant only 
for each step. Wide variations are possible between each stq). Further, tiie presence of 
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heteroscedasticity, as indicated in Table 7.8, may have biased tiie estimation of tiie 
optimal value for X in tiie Box Cox procedure (see Zarembka, 1974). The linear step 
function represents some loss in explanatory power of the model compared with the Box-
Cox form, but the gain in economic interpretation and simplicity is clear. 
7.4.3 The Inclusion of Interaction Terms 
A comprehensive specification of the hedonic price functions should include interaction 
terms between the independent variables. In tiie case of cattie, there is some reason to 
suggest tiiat interaction terms between the weight and fat variables might be significant 
(Porter and Todd, 1985). However, tiie inclusion of interaction terms into the hedonic 
price functions caused severe multicollinearity problems. 
As discussed in Chapter 5 (Section 5.2), the calculation of condition indices (CIs) and 
associated variance decomposition proportions can identify groups of variables which 
have multicollinearity associated witii tiiem. For tiie Warwick data sets, CIs in excess of 
200 were found with high variance proportions for several coefficients. The variables 
associated witii tiiese CIs were the weight and fat variables and their interaction terms. 
The removal of the interaction terms reduced the CIs to acceptable levels (less than 10). 
However, potentially important variables should not be removed simply because of 
multicollinearity problems without testing model performance botii with and without the 
interaction terms. The procedure followed here was to estimate both the full model with 
interactions and the model witiiout interactions and to compare both the explanatory 
power of tiie models and their performance in specification tests. The performance of the 
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models was checked using RESET tests and explanatory power measured using R^  and 
adjusted R^ The results are presented in Table 7.10. 
The interaction terms improved the goodness of fit of the model, as measured by the R^, 
but in terms of tiie ^ , tiie improvement in tiie model was marginal in many instances.'^ 
Offsetting its superior goodness of fit was tiie poorer performance of the model including 
interactions in tiie specification tests, particularly tiie RESET tests. The interaction terms 
appear to introduce some non-linearities which are rejected by the data. This is 
particularly the case for Yearlings in 1991, Cows in 1990, and Steers in 1989. 
Using tiie results of this analysis, it was decided to estimate hedonic price functions both 
with and witiiout the weight-fat interaction terms. The models with the interactions terms 
are used to present an unbiased estimate of the information content of market reports. 
The models without the interaction terms are used to provide estimates of the implicit 
premiums and discounts associated with different weight and fat categories.'*^ 
7.4.4 Testing for Aggregation over Time 
Having rejected aggregation over form (see Section 7.2.1), there are two possible types 
of aggregation tests in the context of this study: aggregation over time periods at each 
saleyard; and aggregation over saleyards for a specific time period. There are statistical 
The specific values of R^  and how this relates to the information content of market r^>orts is 
oiscussed in the next chapter. The concern of this section is with model performance tests only. 
16 - , 
The work of Cropper et aL (1988) suggests that, wh«i there is measurement error or variable mis-
specification as may be the case here, the simple linear hedonic price model outperforms more complex 
•nodels incorporating interaction terms in terms of the accuracy of inq)licit prices. 
163 
Table 7.10 Relative performance of models witii and witiiout interaction terms 
1 
Cittle tyi 
1 Yeariingi 
Cowf 
1 
1 Heifert 
1 Steert 
= 
j« and Year 
1986 
1987 
1988 
1989 
1990 
1991 
1986 
1987 
1988 
1989 
1990 
1991 
1986 
1987 
1988 
1989 
1990 
1991 1 
1986 
1987 
1988 
1989 
1990 
1991 
Full model 
R' 
0.473 
0.247 
0.207 
0.262 
0.309 
1 0.427 
0.469 
0.619 
0.451 
0.588 
0.458 
0.617 
0.605 
0.527 
0J03 
0.495 
0.414 
0.554 
0.759 
0.657 
0.343 
0.352 
0J13 
0.583 
R' 
0.455 
0.218 
0.180 
0.243 
0.288 
0.418 
0.457 
0.602 
0.423 
0.575 
0.428 
0.605 
0.580 
0.484 
0.226 
0.243 
-0.010 
0.439 
0.754 
0.648 
0.316 
0.274 
0.262 
0.554 
with interactions 
RESET tMU (2,3 and 4) 
1.39 
0.35 
1.74 
2.91 
1.02 
12.15 
2.64 
4.48 
0.08 
8.00 
13.38 
2.55 
0.30 
0.46 
0.55 
1.68 
0.00 
0.05 
1.59 
3.57 
1.88 
24.71 
1.94 
0.61 
4.47 
0J8 
1.10 
1.73 
0.67 
6.90 
1.67 
2.60 
0.04 
5.77 
6.67 
2.04 
0.37 
1.36 
0.29 
0.86 
0.07 
0.97 
0.97 
1.99 
1.79 
20.09 
1.00 
1.17 
3.96 
0.49 
0.74 
1.45 
0.81 
4.76 
1.15 
2.49 
0.18 
4.00 
4.46 
1.47 
0.45 
1.47 
0.83 
0.58 
0.07 
0.63 
5.91 
1.49 
1.22 
14.94 
0.69 
2.70 
1 Model without interactions 
1 '^ 
0.424 
0.238 
0.196 
0.260 
0.299 
0J96 
0.467 
0.597 
0.439 
0.584 
0.414 
0.605 
0.596 
0.522 
0.296 
0.415 
0.271 
0.495 
0.735 
0.649 
0.329 
0.348 
0.297 
0.491 
R' 
0.408 
0.215 
0.174 
0.244 
0.280 
0.387 
0.456 
0.581 
0.412 
0.572 
0.383 
0.590 
0.575 
0.489 
0.234 
0.220 
-0.065 
0.396 
0.731 
0.641 
0.306 
0.283 
0.255 
0.459 
RESET tert* (2,3 and 4) 
0.83 
0.86 
0.03 
0.33 
0.82 
0.46 
1.18 
1.00 
0.13 
0.75 
2.80 
0.00 
0.14 
0.17 
0.06 
0.04 
0.00 
0.03 
0.00 
1.64 
1.74 
1.86 
2.49 
0.02 
2.91 
0.95 
0.58 
1.96 
0.44 
0.53 
0.72 
2.33 
0.54 
0.51 
1.99 
0.92 
0.09 
2.10 
0.27 
0.04 
0.05 
1.24 
0.58 
0.93 
1.08 
1.29 
1.36 
2.36 
3.20 
0.85 
0.48 
1.55 
0.43 
0.51 
0.52 
2.52 
0.41 
0.35 
1.54 
1.14 
0.04 
1.95 
0.19 
1.78 
0.03 
1.09 
4.21 
0.86 
1.37 
0.86 
1.00 
2.70 
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advantages in using an aggregate data set if such aggregation is justified. In testing for 
potential aggregation over time and space, tiie premiums and discounts associated witii 
weight and fat, and tiie coefficient on tiie variable, number of animals in tiie lot, must be 
tested for equality between tiie different years and saleyards. In tiiis chapter, where 
Warwick is the only saleyard analysed, tiie aggregation testing is restricted to testing for 
aggregation over time. Testing for aggregation over space is carried out in the next 
chapter. 
The constant terms were allowed to vary to represent in the case of aggregation over 
time, any underlying change in prices over the periods. ^ ^ Aggregation over the six 
periods, 1986-1991, was not possible because of the changed weight classification used by 
the QLMRS which took place in January 1989. However, tests were carried out to 
determine whetiier, first, tiie 1986-1988 periods and, second the 1989-1991 periods, could 
be aggregated. The results of these tests are included in Table 7.11. 
Aggregation is only accepted by one of tiie eight groups. Heifers for tiie period 1989-91. 
In all other cases, except Cows for tiie 1989-1991 period, tiie equality restrictions placed 
on tiie model by the aggregation of the three time periods were strongly rejected. This 
analysis suggests that, to obtain meaningful results, it will be necessary to estimate an 
hedonic price model for each of tiie six years. 
In the case of aggregation OVCT saleyards, a differoice in the intercept would allow for any 
wireraices in the base prices which could reasonably be expected to reflect different costs associated with 
•^ch saleyard. 
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Table 7.11 Chow tests for potential aggregation over time 
Cattle type 
Yearlings 
Cows 
Heifers 
Steers 
Time period 
1986 - 1988 
1989 - 1991 
1986 - 1988 
1989 - 1991 
1986 - 1988 
1989 - 1991 
1986 - 1988 
1989 - 1991 
*** indicates aggregation rejected at tiie 1% 
** indicates aggregation rejected at the 5% 
F-statistics 
2.61 *** 
3.65 *** 
24 34 *** 
2.16 ** 
2 95 *** 
0.90 
44.00*** 
significance level 
significance level 
7.5 IMPLICATIONS OF THESE RESULTS FOR THE ESTIMATION OF 
HEDONIC PRICE FUNCTIONS FOR CATTLE 
The form of the explanatory variables to be used in tiie hedonic price functions is 
affected by the existence of potential measurement error and problems of 
multicollinearity in the QLMRS data set. The use of categorical variables is believed to 
minimise these problems although tiiis is at a cost of some loss of information. However, 
specification tests suggest that there is little mis-specification error associated witii tiie 
categorical form of the hedonic price function. The dependent variable, price, and 
independent variable, number of animals in the lot, are entered in tiie equation in linear 
form although the preferred form, using Box-Cox metiiodology involves the use of higher 
powers. The optimal Box-Cox transformation is rejected for use in this study because of 
the potential bias in the choice of tiie optimal ti^sformation in the Box-Cox procedure 
resulting from the heteroscedasticity in tiie error terms, along with tiie gain in simplicity 
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simplicity and economic interpretation associated with tiie use of the linear form. 
Interaction terms are found to be significant in many instances. Two separate sets of 
equations are, therefore, to be estimated: the first, including interaction terms, to assess 
tiie information content of market reports; the second, witiiout interaction terms, to 
estimate the implicit prices of the QLMRS-reported characteristics. The hedonic price 
functions are to be estimated for each of the six years for which data is available rather 
than for any aggregated time period, following the rejection of the aggregation 
restrictions. 
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APPENDIX 7.1 
APPENDIX TABLES AND FIGURES 
Tables A7.1 to A7.4 contain summary statistics for the individual lot data for the 
seven selected saleyards, for tiie four week periods in October 1986 to 1991 inclusive, 
disaggregated by the four sex/age groupings used. 
Figures A7.1 to A7.6 show the weight-price and fat-price relationships for Yearlings 
Cows, Heifers and Steers for cattie sold at Warwick in OcU b^er of selected years. 
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Figure A7.1 Weight-price and fat-price relationships for Yearlings: Warwick 1986 
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Figure A7.2 Weight-price and fat-price relationships for Yearlings: Warwick 1991 
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Figure A7.3 Weight-price and fat-price relationships for Cows: Warwick 1989 
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Figure A7.4 Weight-price and fat-price relationships for Heifers: Warwick 1986 
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Figure A7.5 Weight-price and fat-price relationships for Steers: Warwick 1986 
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Figure A7.6 Weight-price and fat-price relationships for Steers: Warwick 1991 
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APPENDIX 7.2 
THE SPECinCATION OF THE WEIGHT VARIABLE 
To test whetiier price responds continuously to tiie average weight of arumals sold in a 
lot, subsets of data were taken, restricting tiie average weight of lots sold in each 
subgroup to lie within one weight class. The significance of weight in a regression of price 
on average weight, average estimated fat deptii (entered as a set of categorical variables), 
a weightifat interaction term and the number of animals in tiie lot, was tested. The results 
are presented below in Tables A7.5 and A7.6. 
It is clear tiiat for some weight ranges and for some years, weight and weightxfat as 
continuous variables are significant in explaining price variations. This is particularly the 
case for the middle weight ranges for Cows and, to a lesser extent for Steers. It may be 
that the relationship between price and weight follows some form of logistics curve, with 
a relatively flat rate paid for the lower weight animals, rising smootiily over the nuddle 
ranges, before tapering off to some maximum price paid for heavy animals. If such is the 
form of tiie relationship, the use of a categorical form of the model for the hedonic price 
function will involve some loss of information, primarily for tiie analysis of nuddle weight 
animals. 
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CHAPTER 8 
ESTIMATION OF HEDONIC PRICE FUNCTIONS FOR CATTLE H: 
DETERMINING THE INFORMATION CONTENT OF QLMRS REPORTS 
The information content of tiie QLMRS reports can now be assessed using tiie model 
specified by tiie analysis of tiie previous chapter. The prime aim of tiiis chapter is to 
reveal how much of tiie variation in prices observed at cattie auctions can be explained 
by variations in the characteristics for which data are collected and rqx)rted by the 
QLMRS. This provides an indication of how useful tiiese reports may be. If there is a 
large proportion of price variation which cannot be explained by variations in the weight 
and fat cover of the animals sold, then the market reports analysing price by these 
characteristics may be of littie guide to market participants except as a general guide to 
tiie average level of prices prevailing at the sales. 
A secondary aim is to examine the implicit prices of these characteristics, or more 
precisely, to estimate the premiums and discounts associated with different categories of 
weight and fat, compared to some base level. The variability of tiiese estimates over 
space may be indicative of tiie degree of pricing efficiency in tiie market, with pricing 
efficiency tending to equalise the implicit valuations throughout tiie broader market. The 
stability of the value of characteristics over time may also have implications for the 
usefulness of market reports. If the implicit valuations of characteristics vary littie 
between time periods, the information revealed tiirough an examination of market reports 
may be more readily understood and acted upon effectively by market participants, 
particularly producers who have less frequent usage of the auction system. 
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8.1 THE HEDONIC PRICE MODEL 
Following tiie results of tiie analysis reported in Chapter 7, tiie general form of tiie 
estimated hedonic price model for cattle is given in equation (8.1): 
P^^P.^LX^j -6, ...(8.1) 
where P^ is the price of the ith heterogeneous lot; 
Pg is the price of the reference lot of cattie'; 
X^ is the average quantity of the jth characteristic provided by the ith lot 
(measured relative to tiie base quantity held by the reference lot); 
and Pj is the premium/discount associated with a unit change in the amount of 
characteristic provided by tth lot compared with the reference lot. 
The regressors included in tiiis model are weight and fat (as categorical variables), 
number of animals in the lot (as a linear continuous variable) and feed type (as a dummy 
variable). The data on number of animals in the lot are collected by the QLMRS 
although they are not presented in market reports. They were included in the analysis for 
completeness because the number of animals in the lot is a factor which has been found 
to be significant by others (see Table 6.1). However its inclusion will inflate the 
explanatory power of market reports to the extent that it is found to be significant. Also 
included are three dummy variables to allow for shifts in the base price of the reference 
lot over the four week period analysed in each year. Again the significance of these time 
The reference lot of cattle was taken to belong to the following groups: 
weight range 1, for heifers, yearlings and steers; weight range 2, for cows; 
fet score 3 for all types; 
grass fed; 
and for yearlings the base sex was taken to be male. 
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dummy variables inflates tiie explanatory power of tiie market reports. However, it was 
necessary to use a four week data period to provide an adequate data coverage for tiie 
different weight and fat types in each sex/age category. 
The data set used for the analysis reported in tiiis ch^ter is the QLMRS data set 
discussed in tiie previous chapter and summarised in Appendix Tables 7.1 to 7.4. Seven 
saleyards (Brisbane, three Toowoomba sales, Dalby, Rockhampton and Warwick) are 
covered by tiie data set which refers to the four weeks of October for the years 1986 to 
1989. Four sex/age groupings. Yearlings, Cows, Heifers and Steers are represented. In 
total, the information for 33,653 lots of cattie was used for the analysis of this chapter. 
The analysis is carried out at a disaggregate level, by saleyard, by sex/age grouping and 
by year, following the mixed results for the aggregation tests over time for the Warwick 
data set, reported in the previous chapter. Tests for possible aggregation over saleyards 
were carried out and the results reported below. Aggregation over sex/age type is not 
possible because of the different weight ranges applicable for each sex type but a priori, 
such aggregation is unlikely to be sensible witii very different markets appropriate for 
each sex/age category (see Appendix 3.1). 
Interaction terms between the weight and fat variables were included for the analysis 
reported in section 8.2,that examining the information content of market reports. Market 
reports, as shown in Table 3.6,present tiie price variation by weight range disaggregated 
by fat score. To exclude tiie interactions of weight and fat from tiie analysis would be to 
bias downwards the estimate of the information contained in market reports. However, 
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because of the multicollinearity problems presented by tiie inclusion of interaction terms, 
tiiese terms were omitted when the model was re-estimated to investigate the size and 
sign of estimated premiums and discounts associated with different weight ranges and fat 
scores, reported in section 8.3. This omission of potentially important variables may lead 
to omitted variable bias, with tiie estimated coefficients for the included variables being 
biased to the extent that tiie coefficient represents the combined effect of the included 
and tiie (collinear) excluded variable(s). However, it is believed tiiat any such bias is 
small, with the coefficients (reported in Tables 8.5 to 8.12) generally taking the correct 
signs and sensible magnitudes. 
To allow for the likely occurrence of heteroscedasticity of the error terms signalled in the 
results of Chapter 7 (Table 7.8), tiie estimation procedure used to estimate the hedonic 
price functions incorporated the use of WTute's heteroscedasticity-consistent covEuiance 
matiix (White, 1980). Some analysis was carried out to try to identify the nature and 
cause of the heteroscedasticity and thus model the heteroscedasticity directiy but this 
work was inconclusive. 
8.2 AN INDICATOR OF THE GENERAL LEVEL OF INFORMATION 
CONTAINED IN QLMRS MARKET REPORTS 
As Stigler (1961) noted, a measure of ignorance in the market is given by the extent of 
price dispersion. In the case of heterogeneous goods, some variation in prices will be the 
result of quality variation. The hedonic price technique is directed to explain these 
variations in quality. The residual variation, that is, the proportion of price variability 
which is not explained by quality differences, can be taken as some measure of the lack 
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of information and tiius of any inaccuracy and inefficiency of prices formed at these seven 
saleyards. Some variation in prices can be explained by differences in processors' cost 
structures but, in a highly competitive industry, these differences are not expected to be 
great over a four week period. 
8.2.1 The Explained Proportion of Price Variation 
The results of tiie estimation of tiie hedonic price functions for the 164 subsets of data 
for tiie seven saleyards, four sex/age groupings and six years are summarised in Tables 
8.1 and 8.2. Table 8.1 presents the proportion of variation in price explained by tiie 
characteristics collected by the QLMRS for the 164 subsets, while tiie average, minimum 
and maximum performance of the hedonic price functions, as measured by the coefficient 
of determination, is summarised in Table 8.2. 
There is a wide variation in the success of the characteristics to explain price variation, 
from a minimum of 13.5 per cent for yearlings sold at Dalby in October 1988, to a 
maximum of 94 per cent for heifers sold at Dalby in October 1991. Over the six year 
period, the average coefficient of determination, an indicator of the power of tiie 
QLMRS characteristics to explain price variation, varied from below a tiiird for yearlings 
at Warwick and over 80 per cent for Cows at tiie Monday sale at Toowoomba, Heifers 
at Brisbane, and Steers at the Wednesday sale at Toowoomba. 
There appears to be only a slight pattern across saleyard and by type of cattie with regard 
to the ability of the model to explain price variation. The model was generally poorest 
for Yearlings and for all sex/age groupings at Warwick. 
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There is no clear pattern over time in the coefficients of determination, except tiiat, for 
all saleyards otiier than Warwick, tiie best performance of the model tended to be in 
eitiier 1990 or 1991. The opposite is true for Warwick witii tiie highest R^  being observed 
for tiie model in eitiier 1986 or 1987. The better performance of the model at all but one 
saleyard in tiie 1990-91 period, and tiie associated reduction in tiie proportion of variation 
in prices which is left unexplained by quality variations, occurred despite a tendency for 
tiie number of lots traded in October to decline over the six year period.^ This result is 
in conflict with theory which suggests that increased price dispersion is more likely in 
thinly traded markets (Section 2.2.2).In particular, Brisbane, which ceased to operate in 
1991, has tiie characteristics of a declining terminal market (Tomek, 1980). Yet, there is 
no tendency for unexplained price variation to increase at Brisbane, as predicted by 
theory. The declining number of sales experienced over the five year period analysed for 
Brisbane sales is accompanied instead by an increased proportion of explained price 
variation, as shown in Table 8.1. This suggests that either the result predicted by tiieory 
is false or that there may be otiier factors which are offsetting the rise in unexplained 
variation predicted with a decline in the volume of sales associated witii a declining 
terminal market. 
8.2.2 Factors Affecting the Explanatory Power of the Model 
A simple model was designed to test the hypothesis that pricing accuracy (and, thus, 
pricing efficiency) will decline at a declining terminal market and also reveal which other 
This decline in numbers of cattle sold reflects the increasing proportion of cattle sold directly to the 
nieatworks. The decline is most marked for Heifers where the export market has increased greatly in 
importance over the period. Many producers, particularly feedlots, now sell directly to the meatworks with 
a firmer market for this product. 
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factors might affect the ability of tiie characteristics model as set out above in equation 
(8.1) to explain price variation. Following Tomek, it was hypotiiesised tiiat the volume 
of transactions affects tiie variability of prices discovered at a saleyard. Two separate 
measures of tiie volume of ti-ansactions were considered: tiie total number of lots sold 
over tiie 4 week period at the particular saleyard; and tiie number of lots of tiiat 
particular type of cattie sold over tiie 4 week period at tiiat saleyard. Other facti^ rs 
considered to be potentially important were tiie sex/age grouping of cattie, tiie particular 
saleyard and tiie year. The saleyard, sex/age grouping of cattie and year were entered 
into tiie model as a series of dummy variables, witii tiie base for each being, respectively, 
Toowoomba Monday, Steers and 1986. The results of the analysis are summarised in 
Table 8.3. 
The relevant measure of transactions volume is clearly the volume of sales of the 
particular type of cattie, with tiie coefficient on the total number of lots sold of all types 
being not significantiy different from zero. The number of lots of a particular type of 
cattie sold had a significant effect on the amount of explained variation in prices with a 
sign consistent with the hypothesis that pricing accuracy declines as the volume of trade 
decreases. The proportion of price variation left unexplained decreased by 2 percentage 
points for an increase in volume of sales by one hundred lots. However, although the 
largest number of lots sold for any particular type of cattie was 968, the average number 
of lots sold in any particular category was just over two hundred. The effect on price 
variation, although significantiy different from zero, is likely to be small in magnitude, on 
average, four percentage points. 
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The conclusion arrived at above, from Table 8.1, tiiat Warwick appears ti) have tiie most 
unexplained variation associated with discovered prices is confirmed by this analysis: the 
coefficient of determination is, on average, 28.4 percentage points lower than for the 
Table 8.3 Contributing factors to the amount of variation explained by the hedonic 
price model 
Variable Estimated coefficient (t statistic in brackets) 
Total number of lots sold at that 
saleyard over 4 week period 
Number of lots of particular type sold 
at that saleyard over 4 week period 
Brisbane' 
Toowoomba Tuesday' 
Toowoomba Wednesday' 
Dalby' 
Rockhampton' 
Warwick' 
Yearlings^  
Cows^  
Heifers^  
1987' 
1988' 
1989' 
1990^  
1991' 
Constant 
-0.000 (-0.02) 
0.0002 (2.39)** 
0.0840(2.21)** 
0.027(0.81) 
0.013 (0.38) 
-0.078 (-2.32)** 
-0.066 (-1.78)* 
-0.284 (-8.53)*** 
-0.116 (-4.15)*** 
0.065 (2.47)** 
0.048(1.52) 
-0.001 (-0.02) 
-0.065 (-2.00)** 
-0.016 (-0.50) 
0.046(1.37) 
0.142(4.22)*** 
0.668 (12.08)* mm 
1 
2 
3 
* * • 
* * 
* 
R' = 0.618 
n = 164 
measured relative to base saleyard, Toowoomba Monday 
measured relative to base cattle t;^e. Steers 
measured relative to base year, 1986 
indicates significantiy different from zero at 1% level 
indicates significantiy different from zero at 5% level 
indicates significantiy different from zero at 10% level 
190 
Monday sale at Toowoomba. It was suggested above, in Section 7.1, tiiat greater price 
averaging associated witii larger lot sizes might reduce pricing accuracy. However, 
Warwick has tiie highest proportion of single animal lots sold among tiie seven saleyards 
examined (Appendix Tables 7.1 to 7.4) and, from tiie results of tiiis section, tiie lowest 
pricing accuracy as far as tiie QLMRS characteristics are concerned. This suggests that 
selling animals in single lots need not improve pricing accuracy by reducing tiie problem 
of price averaging. 
Prices at Dalby and Rockhampton auctions also appear to be less determined by 
variations in weight and fat than prices at the Toowoomba sales, but to a lesser extent 
than Warwick. Average lots sizes at these two centres are large, particularly at 
Rockhampton, so price averaging may be contributing to the reduction in pricing 
accuracy. The potential importance of price averaging in reducing the explanatory power 
of tiie hedonic price functions again is indicated by the superior performance of the 
hedonic price functions for cattie sold at Brisbane market: average lot sizes at Brisbane 
are generally smaller than at tiie other centres. 
The effect of average lot size on the ability of tiie model to explain price variability was 
tested directiy by incorporating an additional variable, average lot size, in the simple 
model discussed above. The data used for average lot size are those reported in the sixth 
column of Appendix Tables 7.1 to 7.4. However, although the sign of tiie coefficient was 
negative, tiie coefficient was insignificantiy different from zero. CoUinearities between 
average lot size and saleyard were identified and the model was respecified, omitting a 
group of saleyard dummy variables. The new specification, replacing a group of dummy 
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variables witii a variable, average lot size, which has a stionger rationale (as a proxy for 
price averaging) for its inclusion, was preferred despite its equivalent explanatory power. 
The results are presented in Table 8.4. 
Table 8.4 Results of respecified model to examine the contributing factors to the 
amount of variation explained by the hedonic price model 
Variable Estimated coefficient (t statistic in brackets) 
Number of lots of particular type sold 
at that saleyard over 4 week period 
Brisbane' 
Dalby' 
Warwick' 
Yearlings^  
Cows^  
Heifers^  
1987' 
1988' 
1989' 
1990' 
1991' 
Average lot size 
Constant 
0.0002 (2.39)** 
0.0550(1.72)* 
-0.066 (-2.47)** 
-0.348 (-9.83)*** 
-0.142 (-4.73)*** 
0.036(1.20) 
0.034(1.16) 
0.032 (0.98) 
-0.065 (-1.95)* 
-0.011 (-0.43) 
0.047(1.43) 
0.141 (4.23)*** 
-0.0183 (-2.83)*** 
0.768(11.52)*** 
1 
2 
3 
*** 
** 
m 
R' = 0.617 
n = 164 
measured relative to base saleyard, Toowoomba Monday 
measured relative to base cattle type, Steers 
measured relative to base year, 1986 
indicates significantiy different from zero at 1% level 
indicates significantiy different from zero at 5% level 
indicates significantiy different from zero at 10% level 
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Increasing tiie average lot size does appear to lead to a loss in pricing accuracy. The 
ability of tiie hedonic price model to explain prices reduces by 1.8 percentage points for 
every extia animal in tiie lot, on average. Even after allowing for its lower average lot 
size, Brisbane still appears to have greater accuracy in its prices witii respect to weight 
and fat factors. The poorer performance of the model for Rockhampton indicated in the 
previous specification (Table 8.3) appears to be largely explained by tiie larger lot sizes 
sold at tills centie. The collinearity between tiie dummy variable for Rockhampton and 
tiie average lot size variable make a conclusive statement impossible. However, the 
coefficient on tiie Rockhampton dummy became insignificant witii tiie inclusion of 
average lot size. Warwick stands out as an exception, having the lowest average lot size 
of all seven saleyards studied yet the poorest performance in terms of pricing accuracy. 
Allowing for the effect of smaller average lots and thus a reduced opportunity for price 
averaging highlights tiie weakness of the model performance at Warwick: the ability of 
tiie hedonic price model to explain price variation is 35 percentage points below that of 
tiie model using the Toowoomba sales data. 
The superior performance of the hedonic price model for Cows, indicated in Table 8.3, 
appears to be explained by the average lot size variable, with the coefficient on the Cows 
dummy variable insignificantiy different from zero in the second specification (Table 8.4). 
The results of the second specification suggest that model performance for Cows, Steers 
and Heifers are equivalent. The ability of tiie hedonic price model to explain price 
behaviour for Yearlings, on the other hand, worsens when account is taken of the effect 
of average lot size. 
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To summarise, tiiere is evidence tiiat unexplained price variation increases as tiie number 
of tiansactions falls, as predicted by Tomek (1980) but tiie magnitude of tiiis effect is 
likely to be small. There appears to be some price averaging, and associated reduction 
in pricing accuracy as tiie number of animals sold in a lot increases. After allowing for 
these two factors, it is clear tiiat pricing accuracy at Warwick is inferior to tiiat elsewhere 
and tiiat tiie ability of tiie model to explain price behaviour for sales of Yearlings in 
terms of weight and fat variations is inferior to tiiat for tiie otiier age/sex groupings. 
While the reasons for the apparent pricing inaccuracies at Warwick are obscure, there 
are potential reasons for tiie poor performance of the QLMRS characteristics model to 
explain price behaviour for Yearlings. In Chapter 6, it was noted that the domestic 
market is less concerned with broad end-user specifications and is more driven by quality 
considerations. As shown in Table 6.2, while fat is one characteristic which is considered 
to be important in determining meat quality, there are otiier characteristics affecting 
quality which are not among those collected by the QLMRS. 
8.3 THE SPECHTC INFORMATION CONTAINED IN MARKET REPORTS: 
THE IMPACT OF INDIVIDUAL CHARACTERISTICS ON PRICE 
A second set of hedonic price functions were estimated, excluding the weight-fat 
interaction terms to reduce multicollinearity problems, as discussed in the previous 
chapter (Section 7.4.3).These equations were used to estimate the implicit prices of the 
characteristics incorporated in the hedonic price functions. In particular, the stability of 
tiiese parameter estimates over time and space was examined. The usefulness of the 
information contained in the market reports depends partiy on its consistency over time. 
Also pricing efficiency over space might be expected to yield parameter estimates for the 
194 
implicit prices which were not significantiy different from each other. This section 
examines both of these aspects. The massive volume of results (for 164 functions) 
precludes the presentation of the tables of results for all saleyards for all years. Tables 
8.5 to 8.8 present the parameter estimates for the hedonic price equations for the four 
sex/age groupings for the six saleyards operating in October 1991.'These are used U) 
compare the implicit values of characteristics over space. Tables 8.9 to 8.12 present tiie 
parameter estimates for the hedonic price equations for the Monday sale at Toowoomba 
over tiie six year period 1986 to 1991.* These tables are used to examine stability of the 
parameter estimates over time. 
8.3.1 Weight 
The effect of weight on price differs with respect to sign and size across the four sex/age 
types of cattie and, to a lesser extent, over time and space. Weight is a consistentiy 
significant factor in price determination at all saleyards reported for Steers and Cows, 
and, to a lesser extent, Heifers (see Tables 8.5 to 8.8). 
For Yearlings (Table 8.5), tiiere is evidence of a positive relationship between price and 
weight, except at Dalby and Rockhampton. However, at the otiier four saleyards, tiiere 
appears to be littie consistency between tiie saleyards in the size of the premiums paid 
1991 was chosen as representing the most recent information from this data set. It also represents 
8 year for which the hedonic price function generally explained a large proportion of price variation. 
The Monday sale at Toowoomba was chosen as a representative sale, where the hedonic price 
"inction performed consistently over the six year period. It is also a sale from which market reporting 
mfonnation is likely to be heavily used, being a large sale, early in the week, and the first of the Toowoomba 
sales. 
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for different weight ranges. There is also marked inconsistency in the premiums paid over 
time at Toowoomba (Table 8.9). 
The pattern for weight premiums and discounts for Cows is reasonably consistent over 
all the saleyards (Table 8.6). Light cows are heavily discounted, with price increasing as 
weight increases. The difference between prices paid for weight range 1 and weight range 
4 animals appears to be large, between 16 c/kg and 20 c/kg, on average. Heavy cows at 
Warwick attract a greater premium than elsewhere with the difference in price between 
weight range 1 and weight range 4 cows being 29 c/kg. This different effect of weight on 
the price of cows at Warwick may reflect the greater proportion of dairy cattle in this 
region. However, the premiums and discounts paid for Cows of different weight ranges 
at Toowoomba have varied over the six year period, particularly for the lower weight 
animals (Table 8.10). 
There is a clear distinction between the weight-price relationship for Heifers at 
Rockhampton and most other saleyards reported (Table 8.7). Heavier heifers at 
Rockhampton incur a large penalty (14 c/kg) while, at Toowoomba and Dalby, the 
heavier heifers attract a premium of between 4 and 7 c/kg. There are large differences 
in the end-markets served by heifers coming from the South-East Queensland centres 
and those from the Central and Northern regions. In particular, the Korean market 
dominates the heifer trade in the South-East. The pattern of premiums offered for 
heifers of different weights has changed over time. Until 1991, there appeared to be a 
premium associated with lighter heifers, but as discussed above, these now attract a 
sizeable penalty. Again, a change in the end-market for the meat from these animals 
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explains these changes, with an increase in the demand for heavier heifers from export 
markets. 
For Steers (Table 8.8), there is a clear preference for heavier animals with premiums of 
between 8 c/kg and 14 c/kg for weight range 4 animals compared with weight range 1 
animals. There is a steady rise in price for each increment in weight range, however, with 
a price rise of around 3 c/kg for each increase in weight range.* The large premium on 
weight range 4 animals in Rockhampton may be biased by the absence of any feed 
distinction reported at this saleyard. Heavy grainfed steers (Jap-Ox) are exported to the 
Japanese market and attract a high premium. Rockhampton is an important saleyard in 
this export market. The extent of the bias is the amount of any premium that grainfed 
steer would have attracted. From Table 8.8, the sum of the weight range 4 premium and 
grainfed premium at other yards is not dissimilar from the premium on weight range 4 
steers at Rockhampton. As indicated in Table 8.12, premiums and discounts associated 
with different weight ranges have been highly variable over the six year period covered 
by this analysis. Variations in the relative importance of end-markets for Steers over the 
six year period may explain these changes. 
8.3.2 Fat Depth 
In contrast to weight, fat depth, as indicated by the fat score, has a consistent effect on 
price for all four types of animal, across all saleyards with discounts associated with overly 
This positive relationship for Steers between weight and price conflicts with the findings of other 
research (see table 6.1). For the Australian research, the conflict can be explained perhaps by the dominance 
of the export market in Queensland. The work of Park (1970) and Todd and CoweU (1981) was for 
predominantly domestic trade animals, where light cattle are preferred (see Appendix 6.1). As Todd and 
CoweU noted '(if) export buyers had entered the market strongly, then a positive weight-price relationship 
could have been estabUshed' (1981, p.44). 
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thin or overly fat animals (Tables 8.5 to 8.8). The animals attracting the highest prices, 
all else being equal, belonged to fat score 4. The discount associated with fat score 1 
animals appears to be heaviest for Yearlings, with penalties in excess of 30 c/kg 
compared to fat score 3 and 4 animals. The discount associated with fat score 2 animals 
(compared with fat score 3) was reasonably consistent over all four sex types and most 
saleyards, a penalty of around 7-11 c/kg. These penalties were higher at Warwick (10 -
20 c/kg) and to a lesser extait at Rockhampton (8-12 c/kg). The premiums and 
discounts associated with different fat scores are very similar for the three Toowoomba 
sales. Fat depth has had a reasonably consistent significant effect on price over the six 
year period, although there is some evidence of heavier discounting of fat score 1 and 2 
animals over time (Tables 8.9- 8.12), particularly for Yearlings and Cows. 
8.3.3 Number of Animals sold in the Lot 
The increased potential for price averaging associated with larger lot sizes has already 
been mentioned above (Section 8.2.2). An increase in lot size was shown to have a 
negative impact on pricing accuracy, as indicated by an increase in unexplained variability 
of prices. In this section, the impact of lot size on the level of prices is examined. 
Lot size has a varied effect on the prices paid for cattle, depending on the age/sex 
grouping and the saleyard (Tables 8.5 to 8.8). The lot size effect is negative at 
Rockhampton, with prices paid decreasing as lot size increases, all else being equal. This 
negative effect of increased lot size is consistent with prices being related more to the 
niimmum quality of the animals in the lot than to the average quality of the animals. 
Price averaging, associated with increased lot size, appears to lead to a reduction in the 
price paid at Rockhampton. 
This negative impact of increased lot size on price levels is not observed at any of the 
other six saleyards. Elsewhere, when a significant effect is observed, the relationship is 
positive and, thus, in line with the results of other analysis (see Table 6.1). This positive 
effect can be explained in terms of the economies of scale associated with the purchase 
of larger sizes lots (see Section 6.2.3). The magnitude of these positive coefficients 
(generally indicating an increase in price of around 0.2 to 0.6 c/kg for an increase in lot 
size of one animal) are also consistent with the results of these other studies. The effect 
of lot size on price largest at Warwick, where the average lot size is smallest. No 
significant lot size effects are found for Heifers at any yard. Over time, the most stable 
effect on lot size on price is found for Steers (Table 8.12). Although significant over the 
1986-1989 period, size of lots in which Cows are sold no longer appears to have a 
significant effect on price (Table 8.10). The effect of lot size on the price of yearlings has 
been highly variable over time (Table 8.9). 
8.3.4 Type of Feed 
As discussed in Chapter 6, grain-feeding was expected to have a positive effect on meat 
quality and thus on price. Such a positive effect was found for all saleyards and all types 
of cattle for which this variable was recorded, although the size and significance of this 
variable has varied over time. In October 1991, the premium attracted by grainfed 
animals varied from around 3 c/kg to 9 c/kg. Generally the premiums were lowest for 
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Steers and varied in amount between saleyards. There is some indication that the size of 
this premium has increased over the six year period. 
8.3.5 Sex of Yearlings 
Following the changes in the market reporting system in 1989, yearlings were classified 
according to sex, as well as to weight-fat characteristics. There is a substantial premium 
paid for steers relative to heifers, 6 - 7 c/kg, consistent with the results found by other 
researchers (Table 6.1). This premium for steers is stable over space (Table 8.5) but 
appears to have varied in size over the three years for which this variable has been 
recorded, falling from around 10 c/kg in 1989 and 1990 to under 7 c/kg in 1991 (Table 
8.9). 
8.3.6 Week on Week Changes 
The dummy variables included to allow for underlying shifts in the constant terms over 
the four week period each year are interesting in that they reveal the extent to which 
local forces affect the prices at the markets from week to week. It can be seen from 
Tables 8.5 to 8.8 that the size and significance of each of the weekly shifts vary not only 
between saleyards but between types of cattle. Some variation could be expected between 
saleyards which trade on different days of the week with new information causing a 
change in the general level of prices for a particular type of cattle. However, the weekly 
dummy variables for Warwick and the Tuesday sale at Toowoomba differ although both 
sales take place on a Tuesday. Similarly the Toowoomba Monday and Rockhampton 
weekly effects differ (both trading on Monday) as do the weekly effects for Dalby and 
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Toowoomba Wednesday sale. Local forces at a particular sale appear to be important in 
determining the general level of prices for that sale.* 
8.4 THE POTENTIAL FOR AGGREGATION OVER SPACE 
The variability of the parameter estimates over time, as indicated in Table 8.9 to 8.12, 
suggests that aggregation over time would not be sensible. However, the relative stability 
of the parameters over space may allow some sensible aggregation of the data by 
saleyard. The implication of such aggregation, if accepted by the data, is that the 
premiums and discounts at the aggregated saleyards can be considered to be equal. This, 
in turn, would suggest that these saleyards can be considered to be part of the same 
market, and subject to the same forces of demand and supply. This is discussed in greater 
detail in Part HI of the thesis. However, if the data reject the aggregation restrictions, 
then it would appear that the markets are less closely linked and more subject to local 
forces. 
In the first instance, the three Toowoomba saleyards (for October 1991) are tested for 
potential aggregation. If such aggregation, over a very limited geographic area, is not 
validated then the potential for aggregation of other more distant saleyards is small, 
especially given the disparity in some of the estimates between saleyards reported in 
Tables 8.5 to 8.8. The results of these aggregation tests are given in Table 8.13. 
This aspect of price behaviour is discussed ftilly in Part EH of the thesis. 
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Table 8.13 Chow tests for potential aggregation over space: the three Toowoomba 
sales 
prype of Cattle 
1 Yearlings 
Cows 
Heifers 
Steers 
F-statistics 
0.871 
1.035 
0.260 
0.950 
With the critical F value (at the 5% significance level) being of order 1.80, the 
aggregation of the three Toowoomba yards is clearly accepted by the data for all four 
age/sex groupings. 
An examination of the parameter estimates in Tables 8.5 to 8.8 revealed that the next 
most likely yard to be considered as a candidate for aggregation with the three 
Toowoomba yards was Dalby. This saleyard is situated in the South-East region of 
Queensland as is Toowoomba. The Chow test results were more mixed in this case 
(Table 8.14). Aggregation to include Dalby with the three Toowoomba sales was accepted 
for Heifers and Steers, but rejected for Yearlings and Cows. 
Table 8.14 Chow tests for potential aggregation over space: the three Toowoomba 
sales and Dalby 
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Further aggregation to include Warwick or Rockhampton for Heifers and Steers was 
firmly rejected by the data. 
The advantage in aggregation, when justified, is to improve the precision of the 
parameter estimates. This improvement can be readily seen in Table 8.15 which presents 
the parameter estimates for the four age/sex groupings for the appropriate aggregate 
area (the three Toowoomba sales for Yearlings and Cows; and the three Toowoomba 
sales plus Dalby for Heifers and Steers). 
Interestingly, the aggregation of groups of saleyards provides parameter estimates for the 
implicit premiums and discounts on different fat scores which are more consistent across 
age/sex groupings. The penalty associate with overly thin cattle ranges from 27 c/kg to 
35 c/kg for fat score 1 animals (compared with fat score 3), while those associated with 
fat score 2 animals are between 7.5 and 10 c/kg. Only for Steers, was there no penalty 
for fat score 5 animals. The premiums for larger lot sizes of Cows and Steers appeared 
to be between 0.13 and 0.2 c/kg for every unit increase in lot size. The premiums paid 
for grain fed cattle were between 4.6 c/kg for Steers and 8.6 c/kg for Heifers. 
There appear to be some differences in the base level of prices between saleyards, with 
the price at the Tuesday sale at Toowoomba being significantly lower (by between 1 and 
3 c/kg) for Steers and Yearlings than at the Monday sale (which was used as the base). 
The Wednesday sale brought higher prices for Cows (1.5 c/kg) than at the Monday sale. 
The base price at Dalby, for Steers and Heifers, was insignificantly different from the 
base price at the Monday sale at Toowoomba. However, it would be inappropriate to 
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infer too much from these findings without further analysis as to the robustness of these 
results over different time periods. 
8.5 A BRIEF SUMMARY OF RESULTS 
The failure of the data to accept the aggregation restrictions for all saleyards suggest that 
there are local differences in the valuations of characteristics between the different 
geographic centres. This on its own need not be an indication of pricing inefficiencies, 
with some tendency in the usage of the meat from differing age/sex carcasses to fulfil 
domestic or export orders to vary between regions. For example, the Central area, which 
includes Rockhampton, is doniinated by the export market while South-East Queensland 
has a high share of the domestic market. The different geographic centres, while all part 
of a broad market for slaughter cattle in Queensland, experience a different balance of 
forces from the two key segments of the slaughter cattle market, the domestic and export 
sectors.' This different balance appears to affect the valuation of the characteristics of 
live cattle at auction. 
However, the variation in valuations across space, in conjunction with the results of 
Section 8.2, with large proportions of price variations left unexplained by the hedonic 
price model for some time periods and at some markets, suggest either that price 
discovery at some markets is unable to establish accurate prices or that there are other 
characteristics which are more important in explaining price behaviour at these markets. 
The extent to which the geographic regions are linked through the broader slaughter market is 
discussed in Part ffl of the thesis. 
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In particular, the poorer performance of the hedonic price model to explain the variation 
in the prices paid for Yearlings may be the result of potentially important omitted 
characteristics, with quality being a key factor in this segment of the domestic market. 
This is investigated in the next chapter. 
The relatively high performance of the hedonic price models for all other types of cattle 
suggests that the QLMRS rqxjrts do provide a high proportion of relevant information 
to market participants with regard to the factors explaining price variability. On average, 
however, between a third cmd a fifth of price variability is left unexplained. This may be 
that there are other factors which affect the price of Cows, Steers and Heifers. 
Alternatively, there may be some inherent variability in these prices. Again this is 
discussed further in the following chapter. 
The increasing proportion of price variation which is explained by variations in the 
QLMRS reported characteristics over the recent period suggests that the information 
content of market reports has also increased over this period. This increased success of 
the QLMRS model could be the result of the QLMRS reported factors becoming more 
important in price determination, or more likely, that pricing accuracy has improved over 
the recent period. 
There are some implications of the acceptance of aggregation restrictions for the data 
fi"om the three Toowoomba sales. The validity of the aggregation restrictions implies that 
valuations are equal across these three sales. It may not therefore be necessary to 
compile fiill market reports for all three sales. There is an indication that the base price 
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level may differ between the saleyards. A summary report, based on a sample of the lots 
of cattle offered for sale, indicating broad movements in prices since the previous sale 
may fulfil the information requirements of market participants. This would lead to some 
savings in market reporting costs. 
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CHAPTER 9 
ESTIMATION OF HEDONIC PRICE FUNCTIONS FOR CATTLE HI: 
DETERMINING PRICING ACCURACY USING AN EXTENDED DATA SET* 
In the previous chapter, it was revealed that, while the explanatory power of the QLMRS 
characteristics was strong for some types of cattle and some saleyards and for some years, 
a significant proportion of price variation was left unexplained. The most likely 
explanation for this result is that there are unreported characteristics which are of 
importance to buyers and which, therefore, contribute to explaining the price of any 
particular lot of cattle. However, a second possibility is that the market was not operating 
efficiently and that there was considerable inherent random price variability in the 
auction system with associated inaccuracies in this pricing system. 
This chapter investigates whether information on additional potentially important price-
determining characteristics collected at four Queensland cattle auctions in Winter 1990 
adds significantly to the proportion of price variation explained. In particular, the 
significance of these additional characteristics in explaining price variation is tested to 
determine which, if any, of these characteristics may be potentially useful additions to 
market reports. In addition, estimates are obtained of the premiums and discounts 
associated with changes in the bundle of characteristics possessed by a specific lot of 
cattle compared with the bundle of characteristics held by a reference lot. These 
estimates, for Winter 1990, may be compared with the estimates obtained for Spring 
(October) in the previous chapter. As in the previous chapter, the analysis is undertaken 
This chapter is based on a paper accepted for publication in the August 1993 edition of the Review 
of marketing and Agricultural Economics, &D.i\i\&A 'Does Muscle Matter? - An Economic Evaluation of Live 
Cattle Characteristics'. 
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with careful attention being given to the potential statistical problems not only with 
misspecification and measurement error but also with even greater multicollinearity found 
in the extended data set for the explanatory variables. 
9.1 DATA 
Secondary data were not available for characteristics other than those reported in the 
QLMRS reports. A primary data collection project was undertaken to collect data on 
cattle characteristics for analysis. Data for this part of the study were collected at auctions 
at Toowoomba and Rockhampton during Winter 1990. The cattle auctions for which data 
were collected were held on June 18 and 25 at Rockhampton and on July 2 and 3 in 
Toowoomba. Prices paid at these auctions for 1,518 lots of cattle were recorded (in cents 
per kilogram liveweight) along with observations on a set of characteristics possessed by 
each lot. Characteristics recorded for each lot, chosen with reference to the 
considerations discussed in Chapter 6, were: age/sex, average weight, average fat score, 
average muscle score, breed type, district of origin, the presence or absence of horns, 
uniformity of the lot, number of head in the lot, the position of the lot in the order of the 
sale and the type of feed. In the case of Rockhampton, additional information was 
collected on the auctioneer responsible for the sale of each lot. At the Toowoomba 
auctions, each sale was conducted by only one agent. Data on the auctioneer at 
Toowoomba were thus redundant. 
The collection of some of the data required specialised assessment skills, (for example, 
that for muscle score and fat score). A research assistant who is an accredited AUS-
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MEAT assessor and cattle producer was employed to assist in this specialised aspect of 
the data collection process. 
Precise measurement or unambiguous scores could be assigned to all the characteristics 
observed except for average fat score, average muscle score and the uniformity of the lot. 
The AUS-MEAT assessor made estimates of these three characteristics of each lot. It is 
possible that these estimates differed from those of the buyers (and those of the market 
reporters), but because wide categories were used, it is anticipated that any differences 
would be minimal.^  Muscle score, as with the weight ranges and fat scores, is based on 
the AUS-MEAT specifications. However, many export cattle (at least in 1990) were 
graded on butt profile, which is effectively a combination of fat and muscle scores. It is 
possible, therefore, that for some export-type cattle, the muscle score reported will not 
fully reflect the buyers' evaluation. Interaction terms of weightxfat, weightxmuscle and 
fatxmuscle were included in the analysis to allow for this possible weakness. 
While the collection of data on number in each lot, the position of the lot in the sale, the 
presence or absence of horns, and feed-type was straight forward, the following sections 
describe the specific data collection process for the other characteristics. 
9.1.1 Weight 
Actual liveweights were obtained for each lot by observing the post-sale weighing of each 
lot. However, as in Chapters 7 and 8, the analysis is carried out using weight as a 
categorical variable, using the weight ranges used in the QLMRS reports. This allows 
See Naughtin (1980) and Naughtin and Holland (1982). 
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some comparability between the results of this and the previous chapter. The weight 
ranges used for the analysis follow those used by the QLMRS for the 1989 - current 
period, as described in Chapter 3 (Section 3.3). These are summarised below. 
r 
Weight range 
Yearlings Cows Steers 
kg_ 
Heifers 
1 
2 
3 
4 
0-280 
280.1-370 
over 370 
0-320 
320.1-420 
420.1-520 
over 520 
0-440 
440.1-500 
500.1-550 
over 550 
0-440 
over 440 
9.1.2 Fat Depth 
The speed of the sales precluded the estimation of actual fat depth of the cattle. Instead 
an average fat score for each lot of cattle was recorded, again, according to the same 
classification used by the QLMRS, described in Section 3.3.These fat scores are repeated 
below: 
Fat score 
1 
2 
3 
4 
5 
6 
Fat depth 
(measured at rump) 
mm 
0 - 2 
3 - 6 
7 - 12 
13-22 
23-32 
over 32 \ 
9.1.3 Muscle Score 
The muscle scoring system adopted was that used by AUS-MEAT, with 5 possible scores, 
ranging from A (good) to E (poor). 
9.1.4 Breed Type 
Eight different breed categories were used in the analysis: 
five pure-breeds -Hereford (breed 1); Angus (breed 2); Brahman (breed 3); Santa 
Gertrudis (breed 4); and Charolais (breed 5); 
two cross-breeds - Brahman X (breed 6) and Hereford X (breed 7); and 
other (breed 8). 
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9.1.5 District of Origin 
Four areas were identified for each auction site. These areas were defined to reflect both 
the distance travelled by the animals on the way to the auction and the quality of feed 
at that origin. The local area was taken as the base for the analyses for both centres, with 
dummy variables created for the three remaining areas. These are: 
i Origin 
1 2 
1 3 
Rockhampton 
Coastal 
Brigalow 
Brigalow flatlands 
Toowoomba 
Darling Downs 
Western plains 
Far west channel country 
9.1.6 Uniformity of the Lot 
Uniformity of the lot was assessed on a three point scale, with 1 representing the most 
heterogeneous and 3 the most homogeneous lots. 
9.1.7 Auctioneer 
Seven different livestock selling agents were represented at each of the two Rockhampton 
sales. The effect of auctioneer was measured relative to the first auctioneer of the first 
sale. At each of the Toowoomba sales, only one agent was represented. 
9.2 METHODOLOGY 
As in the previous analysis, individual lot data were analysed to explain variations in 
prices by variations in the average characteristics of the cattle in the lot in question. 
Again multiple regression techniques were used to estimate a number of hedonic price 
models, this time using the extended set of characteristics for which data were collected. 
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For the reasons discussed in Chapter 7, the analysis is carried out at a disaggregate level 
by estimating a different hedonic price function for each of four age/sex groupings 
(yearlings, heifers, cows and steers) at Rockhampton and Toowoomba.^ The general 
form of the estimated model is the same as that used in Chapter 8 (see equation (8.1)). 
The regressors included in the hedonic price model are the characteristics on which data 
were collected, discussed above, plus three groups of interaction terms: weighufat, 
weightxmuscle, and faumuscle. 
9.2.1 Multicollinearity Problems 
As in the previous chapter, severe problems of multicollinearity were experienced in the 
analysis of the current data set. Its existence in all sex/age data groupings indicate that 
this is a widespread problem in data of this type. The presence of multicollinearity may 
cast some doubt on the validity of some of the results of previous research in this area, 
reported in Chapter 6 (see Section 6.3). In particular, two basic techniques have been 
used to assess the individual importance of different characteristics on the price of cattle. 
The first technique, used by Porter and Todd (1985), was to estimate the full hedonic 
price equation including all potentially important characteristics of the cattle sold for 
which they had data, and then test, using F-tests, for the individual significance of each 
characteristic on price. This was done by systematically estimating a series of equations 
in which each one of these characteristics was omitted from the full equation. The second 
technique, used by Todd and Cowell (1981), was an analysis of covariance approach, 
using multiple regression to determine the significance of different characteristics. 
Although the two Rockhampton sales were separated by a week, Chow tests showed that the 
underlying relationship was the same, after an allowance was made for a shift in the intercut term, reflecting 
« lowering of the underlying average price over the period. 
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However, neither of these techniques are valid if the data to be analysed are beset by 
multicollinearity in the explanatory variables. In the use of the F-test, if two 
characteristics are strongly correlated, the omission of either one of these from the 
estimated equation may appear to have an insignificant effect on the explanatory power 
of the regression function. So both characteristics can be found to be insignificant using 
this approach, even though both may be individually significant in the absence of the 
other. In the Todd and Cowell study, the use of multiple regression techniques in the 
presence of multicollinearity has associated with it the classic problems, discussed in 
Chapter 5 (Section 5.2),of inflated variances of the affected parameter estimates and the 
consequent false acceptance of the null hypothesis that the coefficient for the 
characteristic of interest is not significantly different ft'om zero. 
The contradicting results with regard to the importance of weight and age as a 
determinant of cattle prices in Todd and Cowell, and Porter and Todd may be explained 
by the presence of multicollinearity in their data sets. Porter and Todd admit to strong 
correlations in their data set. They found that weight was not a significant determinant 
of price but that the weightxfat interaction was significant. This again may be a result 
caused by a high correlation between the weight and weightxfat variables. 
The problems of multicollinearity and the identification of the collinear variables were 
discussed in Chapters 5 and 7. In particular, the technique of calculating the condition 
indices (CIs) was outlined. Conducting these tests on the current data set revealed CIs 
in excess of 300, with associated high variance proportions for several coefficients. As in 
Chapters 7 and 8, the problem variables were found to be the interaction terms but the 
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weight, muscle and fat group of variables were also problematical. Generally, these are 
the only variables involved in the collinearities. The coefficient estimates for the other 
characteristics can be regarded as 'clean', that is, unaffected by inflated variances and the 
related instability of the estimates. 
No satisfactory solution exists to 'cure' multicollinearity. The collection of more data may 
not solve the problem - especially if the relationship is intrinsic (or by way of nature) as 
it is in this case.* An alternative approach which was followed in this study is, as before, 
to estimate the model both with and without the problematical variables and to compare 
the results to assess the extent of model misspecification in the absence of some of the 
collinear variables. 
In the current analysis, the exclusion of the interaction terms removed all troublesome 
multicollinearity problems, with the CIs falling from unacceptably high values to, in most 
cases, below 20. For example, the removal of the musclexweight and musclexfat 
interactions reduced the maximum CI from 170 to 17, for Heifers at Rockhampton. 
9.2.2 The Analytical Approach Adopted 
The analysis has been conducted in a series of steps, the first four of which can be 
explained by reference to Table 9.1 A. First, full hedonic price models were estimated for 
each sex/age cattle type at each auction site using data on all the characteristics observed 
and the three groups of interaction terms (model A). The coefficient of multiple 
The aggregation of the data for the two Rockhampton sales did, however, remove some 
problematical collinearity between sequence and the auctioneer dummy variables. 
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determination (R )^ and the adjusted R^  for these eight full models are presented in the 
first row of Table 9.1 A. 
The next step was to re-estimate these eight equations excluding the three groups of 
interaction terms. The interaction terms were omitted due to the multicollinearity 
problems they created (see earlier discussion on this point). These slightly simpler models 
(model B) were then compared, using F-tests, with model A to test whether the omission 
of the interactions terms resulted in a significantly different (i.e. worse) model. The level 
of significance of these tests are shown, along with R^  and the adjusted R ,^ in the second 
row of Table 9.1 A. 
The third step was to estimate eight new models (model C) by excluding all variables 
(and their interaction terms) representing characteristics not currently reported in the 
QLMRS reports. These models were then compared with model A to test whether the 
amount of price variation explained by model C was significantly different (less). (See the 
third row in Table 9.1 A.) 
Fourthly, the models including only the characteristics reported by the QLMRS without 
any interaction terms (model D) were estimated and compared with the full model. (See 
the last row in Table 9.1 A.) 
The next question addressed was the contribution of each of the characteristics to the 
explanatory power of model A. The contribution of the characteristics not currently 
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reported by the QLMRS were of special interest. The results of these investigations are 
summarised in Table 9.2. 
F-tests were used to test whether a characteristic or group of characteristics had a 
significant effect on price. However, in contrast with the approach followed by Porter and 
Todd( 1985) discussed above, the apparent non-significance of variables associated with 
the multicollinearity problem in the data (weight, fat, muscle and their interactions) are 
interpreted with caution because of the inflating effect of multicollinearity upon the 
variances. No conclusion can be made about the statistical significance of these variables. 
Finally, estimates of premiums and discounts associated with different levels of each 
characteristic compared with a base level for that characteristic in the reference lot were 
determined on the basis of model B (i.e. excluding interaction terms).^ These estimates 
(reported in Table 9.3) will be most reliable, therefore, for those variables unaffected by 
the multicollinearity. The potential for misspecification error with the omission of the 
interaction terms is recognised. As indicated by the results in Tables 9.1 A and 9.2, the 
groups of interaction terms are often significant in explaining price variation. However, 
the model without the interaction terms (model B) has been used to illustrate the 
potential magnitudes of price differences, for example, between cattle identical in every 
way except in muscle score.* Inclusion of the interaction terms, with their related 
multicollinearity, makes the individual coefficients for weight, fat and muscle score 
The reference lot consists of animals in weight range 1, fat score 3, muscle score C, of non-specified 
breed, coming from the local area, without horns and grass-fed. For yearlings, the base is taken to be male. 
This also allows comparisons to be made with &e estimates of the previous chapter. 
225 
difficult to interpret and little can be directly deduced about the magnitudes of price 
differences between muscle scores, for example.' The equations reported in Table 9.3 
have coefficients which are 'sensible' and which can be unambiguously interpreted as the 
premium/discount associated with a unit change in the amount of the characteristic, as 
compared with the base level used for that characteristic. 
While problems of measurement error were again minimised through the use of 
categorical rather than continuous variables, potential problems of misspecification 
remain. Two types of misspecification tests were carried out, that is, the RESET tests, as 
before, and the Durbin-Watson (DW) test. (See Tables 9.2 and 9.3.) The DW test is 
relevant here as the data are ordered in sequence of sale for each particular sex/age 
cattle type. While the Sequence variable is included to incorporate any specific order of 
sale effect, the DW test statistic can be used to check on any misspecification of the 
Sequence variable. 
9.3 RESULTS 
As already indicated, there are three sets of statistical results: a comparison of the 
relative explanatory power of the various hedonic price models (Table 9.1 A); an 
evaluation of the importance of the various individual characteristics (Tables 9.1A,9.1B 
and 9.2); and estimates of premiums/discounts associated with different levels of the 
In addition, the work of Cropper, Deck and McConnell (1988) suggests that, when there is 
nieasurement error or variable mis-specification as may be the case here, the simple linear hedonic price 
ninction outperforms more complex models incorporating interaction terms in terms of the accuracy of 
unpUcit prices. 
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individual characteristics (Table 9.3). As with previous similar research, multicollinearity 
in the variables and model misspecification have been potential problems. The steps 
taken to address multicollinearity have already been discussed in Section 9.2.1(and, more 
generally, in Sections 5.2 and 7.4.3). However, the tests conducted in relation to model 
specification are considered below. Finally the relatively large proportion of 'noise' (or 
unexplained variation) in the observed prices is discussed. 
9.3.1 ITie Overall Explanatory Power of the Hedonic Price Models 
Model A, incorporating all the characteristics for which data were collected and the three 
sets of interaction terms explains between 51 per cent (Yearlings at Rockhampton) and 
78 per cent (Steers at Rockhampton) of the price variation observed at the auctions 
studied (Table 9.1 A). Excluding the troublesome interaction terms (model B) did not 
significantly reduce the explanatory power of the equations for Cows at either auction site 
nor for Yearlings at Rockhampton. However, model B was found to be statistically 
different (worse) relative to model A for the other five sectors, with the proportion of the 
price variation explained falling by up to 8 percentage points (Heifers at Toowoomba).* 
Removing the variables representing the characteristics not currently reported by the 
QLMRS (model C) reduced the explanatory power of seven of the eight equations to a 
marked degree (and these reductions were all statistically significant at the I per cent 
level). The exception was the model for Heifers at Toowoomba where the reduction in 
The heifer market at Toowoomba was, at the period of this study, dominated by the export market, 
particularly that of Korea. Specifications for the Korean market are precise, requiring a particular 
combmation of weight, fat and muscle score. This may explain the importance of the interaction terms for 
this sector of the market. 
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explanatory power was not significant at the 10 per cent level.' The results for models 
C and D (rows 3 and 4 of Table 9.1 A) demonstrate that only for Heifers at Toowoomba 
do the interaction terms of the QLMRS reported characteristics (weight and fat) have any 
sizeable effect on the explanatory power of the model. For some of the other age/sex 
groups, excluding the interaction terms actually improved the adjusted R^  (but not, of 
course, the R^. 
The results presented in Table 9.1 A suggest that for all age/sex types of cattle and at 
both auction sites, the characteristics not currently reported by the QLMRS but included 
in this study have the potential to significantly improve the information content of market 
reports, in some cases, to a spectacular extent. For example, model C, incorporating the 
QLMRS variables with interactions, explained under 14 per cent of the variation in prices 
for Yearlings at Rockhampton. However, with the inclusion of the additional 
characteristics, the full model A explained over 50 per cent (Table 9.1 A). 
9.3.2 A Comparison with the Results of the Previous Chapter 
There is a sharp contrast between the results reported in Table 9.1 A and those of the 
previous chapter (Table 8.1). In all cases, the explanatory power of the models reported 
in Table 9.1 A was markedly lower than that of the models reported in Table 8.1. For 
example, the degree of explanation for Yearlings at Rockhampton in October 1990, using 
the QLMRS data set, was 0.379, while for the current data set for June 1990 the 
comparable result, that for Model C, was 0.1379. 
This group was the one for which the lowest number of observations was available (see Table 9.2). 
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There are a number of reasons for these results. In particular, the use of a four week 
period with dummy variables for the shift in base price over time may inflate the 
explanatory power of the QLMRS based model, as discussed in Chapter 8. Another 
possible reason for these large differences can be found in the data collection process 
itself. The data specifically collected for the analysis of this chapter represents census 
data. All lots of cattle traded were recorded. For the QLMRS, there is some enforced 
sampling of each sale, with market reporters forced to leave the sale periodically. Also 
there is some evidence that reporters exclude "odd" lots from their reports. The extent 
of the under-recording is indicated by a comparison in the number of lots for which data 
were reported for the QLMRS reports for this pericxl, with the number of lots reported 
on in this chapter. For the two sales for which data were collected by the author at 
Toowoomba, the number of lots recorded were. Yearlings, 243, Cows, 164, Heifers, 81 
and Steers, 242. The figures for the same sales recorded by the QLMRS market reports 
were, respectively, 120, 130, 30 and 120. The situation in regard to Rockhampton was 
similar. For the four categories, the number of lots recorded for this study were, 
respectively, 122,237,119 and 256. The QLMRS reports for these same sales were based 
on 70, 135, 95 and 160 lots respectively. 
An indication of the impact of the bias of any difference in the estimates resulting from 
the different data collection process can be gained by comparing the premiums and 
discounts estimated using the census data of this chapter with the results based on the 
QLMRS data of the previous chapter for October 1990 for the relevant two Toowoomba 
sales (Tuesday and Wednesday) and Rockhampton. The parameter estimates for October 
1990, using the QLMRS data, and for June/July 1990, using the census data (extracted 
from Table 9.3), are presented below in Tables 9.4 to 9.7. 
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In most cases, where a significant relationship was found between price and the 
characteristics, the coefficient estimates are very similar. It appears that, although there 
is obviously a greater variability in the data collected specifically for this study compared 
with the QLMRS data because of the more complete nature of the data collection 
process used for this study, there is little resulting bias in the estimates obtained. Some 
small differences may be explained by the different seasons during which the data were 
collected. 
9.3.3 The Relative Importance of and Premiums/Discounts Paid for the Individual 
Characteristics not Currently Included in Market Reports 
The results in Table 9.1 A suggest that some or all of the characteristics included in 
models A and B, but not currently reported by the QLMRS, could have a statistically 
significant contribution to explaining price variation at live cattle auctions. Table 9.2 
presents the results of F-tests by which the importance of these individual characteristics 
may be evaluated.'° 
The collinearities in the data set are clear in these results: the F-statistic formed by 
excluding the broad groups of variables [All Weight, Fat] and [All Muscle]" are at times 
more significant than those formed by excluding any individual set of variables within the 
broad group (see Table 9.2, Yearlings, Steers and Heifers at Rockhampton, in particular). 
Systematic sub-models of model A above, formed by excluding one variable or group of variables 
rdating to an individual characteristic from the full model, were then estimated. Thus, for cows at 
Toowoomba (Table 4, column 2, row 2), the F-statistic formed by excluding the five fat variables is 17.89, 
indicating that the effect of fat on price is significant at the 1 per c«it level. 
The F-statistic for [All Weight, Fat] and [All Muscle] is that formed by excluding all the variables 
of that group. 
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However, the overall significance of the weight and fat variables are consistent with the 
results of the previous chapter. As indicated in Tables 9.4 to 9.7, the estimated values for 
the implicit prices associated with weight, fat and feed type are not dissimilar to those 
reported in Chapter 8. 
The results concerning the influence of the characteristics not currently reported by the 
QLMRS are not always clear cut with some differences being found between sex/age 
classes and between locations. However, some broad conclusions can be drawn. 
Muscle Score (both on its own and its interactions with weight and fat) is a highly 
significant characteristic in explaining price variation for all classes of cattle at both 
centres. Only for Heifers at Toowoomba does muscle score appear to be only marginally 
significant. (See Table 9.2.) 
To further illustrate the importance of muscle score, a fifth model was estimated (see 
Table 9. IB). The addition of muscle score to the QLMRS model including interactions 
(model C) raises the proportion of price variation explained by between 3 percentage 
points (for Cows at Toowoomba) and 25 percentage points (for Heifers at 
Rockhampton). 
Muscle score is by far the most important additional characteristic investigated, as judged 
by its ability to explain the price variation remaining after the effect of the QLMRS-
reported characteristics has been removed. Its significance over the range of cattle types 
at both centres along with its ability to increase substantially the explanatory power of 
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the model, suggests that it would be a useful addition to the characteristics reported by 
the QLMRS. 
As to the premiums and discounts placed on muscling by buyers, it would be wrong to 
claim that the coefficients for muscle score, given in Table 9.3, are 'true' in any absolute 
sense. The omission of the often significant interaction terms and the related potential 
problems of model misspecification argue against this conclusion.'^  However, the 
estimates generally have the correct sign and magnitude, with better muscle scores (A 
and B) attracting a premium and poorer muscle scores (D and E) being penalised as 
compared with the base level of muscle score C. The extent of the premiums for the high 
muscle score animals and penalties for the low muscle scored animals appears to be 
large. However, the magnitude of these premiums and discounts are not dissimilar to the 
sizes of the discounts associated with low or high fat scores. 
Breed type (as a group of up to seven dummy variables) is not generally significant, the 
exception being for Cows and Steers at Rockhampton (Table 9.2). Its inclusion in the 
model raises the proportion of price variation explained by modest amounts (I to 7 
percentage points), with the greatest increases being for yearlings. This is consistent with 
the greater importance of quality in the domestic market (Appendix 3.1), with different 
breeds being perceived to yield different quality meat. 
The generally insignificant RESET tests suggest that model mis-q)ecification in the absoice of the 
interaction terms, as shown in Table 9.5, is not a severe problem. 
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However, in Table 9.3, it is clear that some breeds do attract a modest premium or 
discount. Angus (Breed 2) Cows appear to be heavily discounted (10 c/kg), while 
Brahman (Breed 3) Yearlings attract a modest premium in Rockhampton (3 c/kg). This 
is consistent with the preference for the Brahman in the tropical Central region. The 
effect of breed on price does not appear to be strong enough or consistent enough to 
justify the inclusion of breed in market reports. 
Origin of the cattle also does not appear to be generally significant, although there is 
evidence that it is more significant for Toowoomba sales, with Origin I, the Darling 
Downs, being discounted for Yearlings (2 c/kg) and Origin 3, the Far West Channel 
Country attracting a premium for Cows.'^  The impact is again greater for the cattle 
destined for domestic consumption, its inclusion for Yearlings in Toowoomba increasing 
the proportion of price variation explained by 5 percentage points. 
Presence of horns appears to have little impact on price, except for Steers at Toowoomba 
where price is discounted by 2 c/kg. 
Uniformity of the lot is not generally significant, the exception being for Heifers at 
Toowoomba. This result may be spurious, in the light of the other consistency of the 
results for other age/sex groupings at both auction sites. 
There is some evidence of a positive relationship between price and number in the lot, 
with price increasing by around 0.2-0.4c/kg for every extra head of cattle in a lot, similar 
Cows fitjm this region are less likely to be dairy cattle than from the other regions. 
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to the estimates obtained for this variable in the previous chapter. The effect is not 
consistently significant for all types of cattle or for both saleyards but, as was found in 
Chapter 8, the effect of lot size is not significant at either saleyard for Heifers. (See 
Tables 9.2 and 9.3.) 
Order of sale or sequence variables, as indicated above, were incorporated to capture any 
dynamics in prices over the period of the sale. Unlike the other variables, there is little 
prior information about the expected signs and functional form of this variable. The 
specific form of the variable included in the models was thus determined empirically. 
Quadratic and cubic functions of the order of sale appeared to provide the 'best fit' as 
measured by the RESET, DW and R^  statistics. The sequence in which the lots were 
offered for sale was only significant (as a group of variables) in three out of the eight 
models estimated (Table 9.2). The coefficient estimates given in Table 9.3 show no 
common pattern and cannot be readily interpreted.''* 
Auctioneers in Rockhampton appear to be equally successful in extracting the maximum 
price for their cattle. Only for steers, and to a lesser extent, yearlings was the group of 
auctioneer variables significant. (The predominantly insignificant differentials between 
the prices made by the various auctioneers can be seen in Table 9.3.) No one auctioneer 
is found to consistently attract higher or lower prices for all cattle types. 
More detailed work, both dieoretical and empirical, on the dynamic strxicture of prices within 
•"ctions is required and is the subject of ongoing analysis. 
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9.3.4 Model Specification 
Some slight misspecification problems are indicated by the values of the RESET and DW 
statistics, particularly for yearlings and steers (see Table 9.2). Alternative functional forms 
were estimated but these were inferior to those reported. The source of the problem 
seems to be the specification of the order of sale variable and this wairants further 
detailed investigation although this variable has no implications for the coverage of 
market rqxjrts. As before, the specification of the models is not seriously impaired by the 
omission of the interaction terms, as indicated in Table 9.3, although some reduction in 
the explanatory power of the models is indicated by the reduction in the (adjusted) R^  
(see Table 9.1 A). 
9.3.5 The Remaining Unexplained Price Variation 
A large proportion of price variation remains unexplained, particularly in Rockhampton, 
even after all the information on the additional characteristics has been included (Table 
9.1 A). Yearlings have the largest amount of price variation unexplained - half of the total 
variation in Rockhampton and a third in Toowoomba. Even for those sectors of the 
market in which the estimated models appear to perform reasonably well, between a fifth 
and a quarter of price variation remains unexplained. 
Coefficients of variation were calculated for each of the four sex/age categories to 
determine whether prices at Rockhampton were fundamentally more variable than those 
in Toowoomba. The analysis suggested the opposite: that is, Toowoomba prices exhibited 
the greater relative variability. The coefficient of variation was lower in Rockhampton 
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for all four groups, and was lower for Yearlings than any other group.'* This suggests 
that there may be a large component of 'noise' in the price discovery process for cattle, 
especially Yearlings and Cows sold at auction in Rockhampton. Market reports for these 
sectors may be of limited usefulness, especially in their current format, indicating only 
broad price movements between different categories. As indicated in Table 9.1 A, for 
Yearlings, Cows and Heifers at Rockhampton, the characteristics currently included the 
QLMRS reports account for less than a quarter of the variation in the prices paid for 
each lot of cattle. 
9.4 A BRIEF SUMMARY OF RESULTS 
The analysis of this chapter has revealed that there are potentially important 
characteristics which affect the price of live cattle in Queensland which are not currently 
collected by the QLMRS. In particular, the addition of muscle score to the hedonic price 
model increases its explanatory power significantly. This is the case for all types of cattle 
for which data were recorded and for both sites. 
The premiums and discounts which the different muscle scores attract cannot be clearly 
determined because of the strong collinearities existing in the data set between the group 
of variables, weight, fat score and muscle score. Provisional estimates indicate that the 
The calculated coefficients of variation were: 
Cows Steers Heifers Yearlings 
Toowoomba 10.1% 9.4% 10.1% 9.3% 
Rockhampton 9.3% 7.5% 7.4% 6.5% 
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penalties per unit decrease in muscle score could be as high as 9 c/kg for steers and 
average around 4 c/kg for other types of cattle. 
Other characteristics, such as breed type, district of origin, presence of horns and lot 
uniformity, are found to have a limited and variable impact on prices paid. 
The finding of a significant influence of a characteristic on price is not to be construed 
as a suggestion that data on this characteristic should be collected by the QLMRS market 
reporters. This study required a minimum of two, and more comfortably three reporters, 
to collect all the necessary information. This requirement would lead to an escalation of 
costs at a time when the Reporting Services are already financially pressured. Also it is 
not clear that much extra information would be gained by producers when faced with a 
possibly confusing plethora of premiums and discounts, associated with different 
characteristics. This study has indicated that these premiums and discounts may be quite 
variable across the State and across sex/age types. Over time, the premiums and 
discounts would be expected to be subject to further variation as, particularly, supply 
conditions changed. 
However, the consistency and magnitude of the effect of muscle score found by this study 
could warrant further investigation to determine the viability of either adding this 
characteristic to the regular market reports or producing an additional, less regular, 
report on the premiums and discounts which could be expected by producers. Further 
investigation would be required to establish the stability of these premiums and discounts 
over time, and further statistical testing carried out to determine whether the intrinsic 
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multicollinearity problems preclude their estimation with any greater precision than that 
reported in this paper. 
The high proportion of price variation which remains unexplained, especially for some 
sectors of the market, may be a cause for concern, indicating potentially serious pricing 
inaccuracies in the live cattle auction system. With pricing accuracy a prerequisite for 
pricing efficiency, this analysis suggests that liveweight auctions may not represent an 
efficient price discovery mechanism for cattle. 
The difference in the overall power of the QLMRS characteristics in explaining price 
variation is, at least partially, due to the apparent non-random sampling carried out by 
market reporters. This data collection procedure may lead to an understatement of the 
extent of pricing inaccuracies. However, the exclusion of certain lots from market reports 
on the basis that they are considered abnormal by the market reporter may simply 
indicate that there are still more characteristics considered to be important which are not 
present in the extended data set used for the analysis of this chapter. The level of pricing 
inaccuracy indicated by the results of this chapter may be exaggerated to the extent of 
the importance of these omitted characteristics. The importance of muscle score in price 
determination is, however, unambiguous. 
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PARim 
PRICE DISCOVERY AT SPATIALLY SEPARATE MARKETS 
In Chapter 2, two separate aspects of the price discovery process were introduced: price 
discovery for different (heterogeneous) forms of a product at a single market; and price 
discovery for a homogeneous product at spatially (and temporally) sqjarate markets. In 
Part n of the thesis, attention was focussed on the first of these two aspect of price 
discovery. The next two chapters address the second aspect of price discovery, that of the 
effectiveness of the price discovery mechanism for a relatively homogeneous product at 
spatially separate markets. 
This analysis is carried out within the framework of market integration. In Chapter 10, 
the concept of market integration, its relationship with price discovery and the alternative 
methods for measuring market integration are discussed. An application of this approach 
is used to examine the extent of market integration within the Queensland live cattle 
market in Chapter 11. 
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CHAPTER 10 
MARKET INTEGRATION: ITS IMPLICATIONS FOR PRICE DISCOVERY 
AND ITS MEASUREMENT 
The concept of market integration is central to an evaluation of the price discovery 
process. The role of key markets in information flows has been discussed in Part I of the 
thesis and these key markets can be identified within the framework of "market 
integration". In this chapter, the concept of market integration and its relationship to 
price discovery and pricing efficiency is discussed. A review of previous research on 
spatial market integration is presented, classified according to the different techniques 
used to assess the strength and direction of market linkages. The theoretical and 
empirical background to the econometric analysis of market integration of Queensland 
cattle auctions, which is described and reported in the next chapter, is presented in this 
chapter. 
10.1 THE CONCEPT OF MARKET INTEGRATION 
Prices reflect information about demand and supply not only at the market in which they 
are discovered but also at related markets which are spatially separate. The transmission 
of this information between markets will affect the relationship between prices at these 
different markets. If markets are competitive in a complete sense, with no barriers to 
trade or to information flows, arbitrage between these markets will ensure that any price 
differentials between spatially separate markets will reflect only the costs (transportation 
and other transactions costs) of transferring the product between the markets. Thus a 
price change at one market will be followed immediately by similar price changes in the 
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other markets. Information about the market environment will be transmitted 
instantaneously between the markets. Competitive forces will operate in such a way that 
prices at spatially separate markets will tend to move in parallel over time, with 
deviations away from common trends being quickly removed by arbitrage. 
The speed of adjustment of prices at difTerent markets and thus the speed with which 
price differentials return to some trend value is related to the effectiveness of information 
flows between markets. This has implications for the efficient operation of the market. 
Deviations in price differentials from the costs of transportation and other costs will 
provide opportunities for arbitragers to make above-normal profits. If these opportunities 
persist, then the price discovery process is not efficient. Informational asymmetries 
between buyers and sellers may result in an uneven distribution of arbitrage opportunities 
and thus profit between buyers and sellers. Indeed, as indicated in Section 2.2.2, the 
perceived existence of asymmetries in the distribution of information between market 
participants, was one of the major factors which led to the establishment of publicly 
funded market reporting services in Australia. 
There are two related aspects to the transmission of price information between markets. 
The first is the speed with which new price information is transmitted and incorporated 
in price changes at other markets. The second is the direction of these information flows 
between markets. These two issues may have different implications for the efficient 
operation of the wider geographic market, as discussed below. 
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10.1.1 The Speed of Adjustment and its Implications for the Defmition of a Market 
The speed with which price information is transmitted can be measured by examining the 
time taken for prices in spatially separate markets to adjust to a price change elsewhere.' 
The speed of this adjustment can provide an indication of the integration of the markets. 
If price adjustment is immediate, markets may be described as closely integrated, or as 
showing short-run integration. If the adjustment takes place over a longer time frame, the 
markets are said to show long run integration. If prices move independently of each 
other, with no corresponding adjustment to price changes elsewhere, the markets are said 
to be segmented. (See Ravallion, 1986; Faminow and Benson, 1990; and Sexton et aL, 
1991.) 
Whether prices at one market place adjust to changes in prices at other related market 
places is critical in defining which price discovery forums can be considered to constitute 
the broader 'market'. What constitutes a market for a commodity has been addressed in 
the literature, both at a theoretical and empirical level. Empirical research has been 
motivated either by the need to assess whether aggregation of markets is possible (see, 
for example, Monke and Petzel, 1984) or by considerations associated with anti-trust 
inquiries (see, for example, Horowitz, 1981, and Slade, 1986). Lawyers have attempted 
to fmd a practical definition for a geographic market for a commodity or service for use 
in anti-trust cases. Such a practical definition often has at its centre the principle put 
forward by economists, such as Coumot and Marshall, that prices within the same market 
will share a close relationship over a substantial period of time. This definition of a 
The speed and extent of adjustment may be affected by the volume of sales at that centre as well 
«s the distance from other markets, whidi may affect both information flows and transportation costs. 
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market is more operational than one expressed in terms of cross price elasticities of 
demand, with all its implicit statistical problems (see, for example, Stigler and Sherwin, 
1985).^  However, there remains the problem of defining what is meant by "a close 
relationship" between prices. This issue of defining how close the relationship must be 
in order for the price discovery forums to belong to the same market is essentially the 
same issue as that addressed by the analysis of market integration. Complete market 
segmentation may be rare, with market integration and its implications for market 
delineation being more a matter of degree. The speed and extent to which prices adjust 
may shed some light on the question of which trading forums constitute the core of a 
geographic market and which forums may be towards the fringe of this. 
Another way of viewing the market is that taken by Cochrane (1957). If buyers and 
sellers are subject to the same demand or supply conditions, they are deemed to be part 
of the same market (Cochrane, 1957, p.26). Prices wiU respond quickly to movements in 
demand and supply (as revealed through price movements at other centres) if buyers and 
sellers believe those changes to be relevant to their market. Price integration can be 
expected to be strong between price discovery forums in which market participants are 
facing the same demand or supply conditions, while forums in which participants are 
influenced by other factors and hence generate different demand and supply conditions 
will be less strongly integrated. Demand and supply conditions at each price discovery 
centre may be difficult to observe but the relationships between price movements may 
reveal which centres can be considered to be part of a particular broader market. 
There is a distinction between the integration of spatial markets for a single homogeneous product 
MM the integration of spatial markets for products which differ in form. It was primarily this latter problem 
which was addressed by the cross-price elasticity approach. 
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10.1.2 The Direction of Information Flows - the Key Role of Dominant Markets 
The second aspect of price transmission, the direction in which price information flows, 
has been examined by Garbade and Silber (1979) and later by Koontz et al (1990). In 
their analyses, the focus is on discovering which price discovery forums within the broader 
market act as major sources of new information. They examined the asymmetry apparent 
in information flows and, thus, in price movements. Where the price in one market 
persistentiy leads prices elsewhere, a lead-lag relationship exists between prices at this 
'dominant' price discovery forum and those at the spatially separate 'satellite' forums. 
There are two possible reasons for this lead-lag relationship: satellite forums may be 
responding less efficienUy to evolving information, or, alternatively, they may not be 
considered to be a source of significant new information about the broader market. The 
dominant forum(s), with its (their) usually greater volume of trade wiU provide the 
required market information. The price discovery forums referred to here may differ 
either in a strict spatial sense or in terms of the method of price discovery (i.e. different 
marketing channels). The identification of these price discovery forums as either 
dominant or satellite is fundamental to any examination of the price discovery process 
in the wider market. 
10.1.3 The Relationship between Market Integration, Efficiency and Price Discovery 
Market integration is closely related to the concept of price efficiency, with integration 
being a necessary but not sufficient condition for price efficiency. Efficient prices are 
those prices generated by a competitive equilibrium for a set of price discovery forums 
between which arbitrage forces can operate. Takayama and Judge (1971) investigated the 
conditions required for a competitive equilibrium to exist in these circumstances. In 
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particular, prices cannot be spatially price efficient unless it can be shown tiiat tiiey are 
integrated. Integration is not a sufficient condition: spatially integrated markets do not 
have to be competitive. Indeed Faminow and Benson (1990) illustrated tiiat spatial price 
integration is consistent witii basing-point pricing, a form of non-competitive pricing often 
found in oligopolistic or oligopsonistic markets, ratiier tiian witiiin tiie usual competitive 
price setting situation. However, the examination of market integration may yield 
information about the likely efficiency of pricing. An absence of strongly integrated 
markets, with their associated near-immediate adjustment of prices to new information, 
precludes the possibility of pricing efficiency in those markets. 
Ravallion (1986) distinguished between three levels of market integration. At one 
extreme, prices may respond to new information immediately (i.e. within one time 
period). If this is the case, the markets are described as showing short-run integration. 
If prices adjust but with a lag, the markets exhibit long-run integration. If there is no 
adjustment in prices to changes in prices elsewhere, markets are described as segmented. 
The measurement of efficiency as indicated by the degree of market integration is related 
to Fama's test of efficiency in markets (Fama, 1970). However, since the only information 
examined in assessing market integration is limited to past prices, any testing for 
efficiency is limited to that for weak form efficiency. Weak form efficiency requires that 
all relevant information, including prices at other markets, are fully reflected in the 
market price. For such weak form efficiency, adjustment to changes in prices elsewhere 
must be immediate. Fama's test implicitiy assumes risk neutrality, costiess information 
and zero transactions costs which is obviously not appropriate for tiie examination of spot 
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rather tiian futures markets (see Grossman and Stiglitz, 1980). Brorsen and Grant (1985) 
use an alternative definition to overcome this limitation. An efficient market, by their 
definition, is one in which all information is transmitted witii a minimum of lags and 
distortions. Bailey and Brorsen (1985, p. 127) use tiiis approach to conclude tiiat spatially 
separate markets show weak-form efficiency, in the sense of Fama, if all information is 
reflected in prices at these separate markets within a short period of time. Sexton et aL 
(1991) take short-run market integration as a 'normative benchmark' for evaluating 
market efficiency, arguing that, if trade occurs continuously between different centres and 
yet prices at all other centres do not adjust instantaneously to price changes at any one 
centre, Uiis set of markets must suffer from inefficient arbitrage. 
The extent of integration, whether short-run, long-run or none, between different 
geographic markets can thus be interpreted as an indicator of the likely pricing efficiency 
of these markets, 
10.1.4 Market Integration and its Implications for Market Reporting 
Both aspects of the transmission of price information have implications for price 
discovery and, thus, market rqwrting. Price discovery across separate markets will be 
more effective the greater the integration of tiie markets. Information about market 
conditions will be reflected quickly in price changes throughout the broad geographical 
market, with prices at spatially separate marketplaces sharing common trends. If 
information is transmitted rapidly across the separate markets, there may be littie gain 
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in the detailed reporting of many saleyard prices tiiroughout tiie market.' The underlying 
movements will be the same. A summary of price levels for different categories of cattie 
may be sufficient. 
The second aspect of price transmission, the direction of flow of information, reinforces 
this suggestion of potentially low returns to widespread price reporting, perhaps more 
persuasively. If one or two markets are found to dominate, in terms of their impact on 
prices elsewhere, then these markets are acting as the key sources of information in the 
price discovery process. The reporting of prices at tiiese key markets may be sufficient 
to enhance the efficiency of price discovery throughout tiie broader geographic market. 
10.2 THE MEASUREMENT OF MARKET E^TEGRATION 
Market integration is thus central to the analysis of price discovery. Many researchers 
have investigated the extent of market integration and the direction of market linkages, 
both for spatially separate markets for a specific commodity and for markets for different 
but related commodities. The techniques which have been used in tiiese studies can be 
grouped into four broad categories: 
Correlation analysis; 
Causality testing; 
Dynamic modelling, including vector autoregressive modelling; and 
Cointegration techniques. 
There is a potential chicken and egg problem here. The effectiveness of price transmission, as 
revealed by strong market integration and a rapid response to price changes may be the result of existing 
Widespread market r^x)rting. An analysis, incorporating markets which are covered by market reports as well 
SS those not reported would be required to examine this point further. A further problem then emerges, 
wim unr^ Ktrted markets generally being smaller and less regular. Size and regularity of markets in 
™e«nselves have implications for die size and speed of dynamic adjustment and thus market integration 
(Koontz etaL, 1990;Garbade and Silber, 1979). 
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In die following sections, these methodologies are discussed in tiie context of previous 
studies, indicating any relationships between the different methodologies and any 
limitations implicit in their use. 
10.2.1 Correlation Analysis 
In die 1960s and 1970s, price integration of spatially disperse markets was tested by using 
bivariate correlations of price time series between pairs of markets. The extent of price 
integration was indicated by the proximity of the correlation coefficient to +1 (Stigler and 
Sherwin, 1985). Many studies have used this technique but it has been found to have 
great weaknesses. (See Harriss, 1979, for an examination of this work.)* 
Very few price correlations close to unity have been found in practice and some have 
even been found to be negative when those same markets have appeared to be operating 
competitively. These results have been explained by the existence of spatial and temporal 
frictions, which result from lack of knowledge, lack of product homogeneity and 
measurement errors, rather tiian any inherent inefficiency in the price transmission 
mechanism (Harriss, 1979). 
Even if a statistically significant correlation coefficient is found, two problems remain 
with this technique. The first is that the statistical test being performed is that the 
correlation coefficient is non-zero. That is, the null hypotiiesis being tested is that of no 
integration. The rejection of this null is not the same as stating that the markets are 
A similar type of analysis was used to find empirical evidence for the Law of Chie Price, reported 
in Richardson (1978). 
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strongly integrated. There is a question of degree which cannot be addressed by tiiis 
technique. 
A more serious criticism of the use of correlation analysis, which indeed can be applied 
to later more sophisticated analysis, is tiie failure of this method to correctiy allow for tiie 
time series properties of the price series investigated. At the time when many of these 
early studies were carried out, the importance of time series properties of data series as 
they affected tiie validity of empirical results had not been fully recognised. The first 
important work on this was carried out by Granger and Newbold (1974). They showed 
that if two series, in this case prices, are affected by tiie same factors and/or trends, then 
even if the markets do not trade witii each other, the price series will be highly 
correlated. These spurious correlations and regressions and their consequences for 
applied econometric analysis were discussed in detail by Granger and Newbold (1974), 
who emphasised that the time series properties of the relevant data series should be 
investigated tiioroughly before further analysis. (The problems of non-stationarity of time 
series and associated spurious regressions are discussed in Appendix 10.1.) The analysis 
of Granger and Newbold suggests that, for the correlation coefficient to be a meaningful 
indicator of market integration, any common trends in the data series should first be 
removed. Only if a correlation coefficient which is significantiy different from zero is 
found between these detrended price series should one be convinced that the markets are 
integrated. However, even this approach of differencing the data series prior to analysis 
has its shortcomings. The investigation and appropriate treatment of these time series 
properties, which are central to the testing for market integration by any of tiie four 
methods, are discussed further in Appendix 10. L 
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Cortelation analysis is limited in its ability to describe tiie operation of spatial markets. 
Lags between price movements at different markets may result in low correlations 
between the price series, altiiough by many definitions, tiiese markets would still be 
described as integrated. Even if high correlation coefficients are found, this metiiodology 
cannot reveal the speed and direction of tiie information flows which integrate tiie 
markets. A new metiiodology, known as "causality testing", emerged in the 1970s which 
could be used to examine these issues. 
10.2.2 CausaUty Testing 
The concept of causality predates Granger's analysis of 1969 but it was only after his 
seminal work tiiat much empirical testing of causality links was reported in the literature. 
The 1970s brought with it many articles and chapters in books on various methods of 
testing for causality, some of which have been used to test for market integration. Before 
discussing these studies, a brief review of what is meant by causality is presented along 
with its relationship to the testing of market integration. 
Granger causality has a precise definition: 
A variable, Y, is said to be Granger causal to another variable, X, if and only if the 
current value of X, X,, is better predicted by using the past history of Y than by not doing 
so, all otiier information, such as tiie past values of X, included. 
A number of outcomes may arise between two time series: 
causality may be one-way: for example, X causes Y but Y does not cause X; 
causality may be two-way, or in Granger's terminology, there may be feedback: X 
causes Y and Y causes X; or 
Uiere may be no causality, the series may be independent. 
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There are a number of suggested metiiods for testing for Granger causality but most are 
based on tiie following two tests. The test deriving from Granger's original work (1969) 
and developed by Sims (1972) and Granger (1980) is based on estimating a set of 
autoregressive equations of form (10.1). 
< • • • < 
,^ = E 
i-l 
< • • • < 
P , * E ,..(10.1) 
Pt is an n X 1 vector of prices at time t, where n is the number of markets/price 
series being investigated; 
k is the order of the autoregressive model; and 
E, is a vector of independentiy and normally distributed disturbance terms, with 
constant variance. 
The causality test involves testing for the joint significance from zero of the rows of the 
A' matrices (see Brorsen and Grant, 1985). More usually, causality testing has been 
carried out for pairs of markets. For example, for a pair of markets, A and B, causality 
is tested for by estimating: 
i - l 1-0 
,.(10.2) 
i-O 
If the /S.are all zero, tiien prices at market B fail to cause prices at market A. Similarly, 
if tiie jSj'are all zero, then prices at market A fail to cause prices at market B. 
m 
An alternative testing technique was developed by Haugh and Pierce (see Haugh, 1976; 
Pierce, 1977; and Pierce and Haugh, 1977). This involves testing for significant cross 
correlations between the time series at zero and longer lags. 
Each method has its advantages and have been used together (for example, see Bessler 
and Schrader, 1980). The use of tiie Haugh-Pierce causality test allows testing for 
dq)endencies between the series and can give an indication of the speed of adjustment 
by examining the lag lengths for significant cross correlations. The Granger/Sims test can 
give a better indication of the direction of causality and thus the direction of information 
flows between the markets although tiiis test too can be used to obtain information about 
any lags in adjustment. 
There is a large literature about the exact test procedure to be followed for both tests 
(for example, see Geweke et al. 1983). This centres on the appropriate adjustment to 
compensate for tiie time series properties of the data. Several empirical studies also 
examine tiiis problem. (See, for example, Bessler and Brandt, 1982; and Bailey and 
Brorsen, 1985.) The debate centres on whether causality tests should be carried out on 
the original non-stationary data series or whether the data should be transformed prior 
to testing (see Bessler and Kling, 1984). The problem associated witii tiie choice of the 
correct method for dealing with non-stationary time series is discussed in Appendix 10.1. 
The results of causality testing should be regarded with caution if inadequate or 
inappropriate allowance has been made for the non-stationarity of the price series. 
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The advent of Granger's causality test procedure brought witii it a renewal of interest in 
the analysis of market linkages and the associated question of pricing efficiency. The 
technique has been used extensively to examine lead-lag relationships and thus the 
direction of information flows between spatially separate markets. The dominant markets 
in the price discovery process, those from which most information emanates, can be 
identified. Causality tests have been used also to examine tiie question of market 
delineation (Slade, 1986). A number of these studies are examined below. 
Gupta and Mueller (1982) used causality tests to examine the pricing efficiency of the 
slaughter hog market in West Germany. They argue tiiat prices in markets related by 
trade should be interdependent. That is, there should be an absence of botii 
independence and unilateral dq)endence between price series at trading centres. They 
claim that unilateral dependence, or one-way causality, indicates that markets are 
spatially inefficient, witii the existence of lead-lag opportunities and potential gain from 
arbitrage. They argue that price efficiency requires tiiat prices at all markets must adjust 
instantaneously to new information; tiiat is, tiiere must be feedback between all markets. 
This is the weak-form efficiency requirement of Fama (1970). Market A must use 
information from market B and market B must use information from market A in the 
price formation process. They found evidence of such feedback between the three 
markets examined and concluded that the slaughter hog market appeared to be efficient. 
Bailey and Brorsen (1985) examined linkages in regional cattie prices in the USA to look 
for any sign of inefficiency in tiie market. They too used causality tests to indicate the 
d^ree of efficiency in a market but were much less demanding in their interpretation of 
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efficiency tiian Gupta and Mueller, requiring only tiiat price adjustments occur witii the 
minimum of lags. All significant price adjustments were found to be completed within a 
week. They concluded tiiat tiiese results indicated that tiie degree of inefficiency is low 
if indeed any exists. 
The existence of time lags in the transmission of price changes between two marketing 
channels for beef and pork in Canada led MacArthur et aL (1985) to conclude tiiat the 
pricing efficiency of both channels could be improved. They used the cross-correlation 
analysis of filtered time series to investigate the lead-lag relationships within the 
beef/pork farmgate/retail market structure. Lags of around two to three weeks were 
found to exist between tiie farmgate and retail price movements - almost the same time 
taken to move the products ft"om the farmgate to the consumer. These processing lags, 
ratiier tiian pricing inefficiency, may explain the existence of the price adjustment lags. 
Otiier studies did not concern tiiemselves with testing for efficiency but restricted their 
interest to tiie existence of leads and lags and, through this, to the identification of key 
sources of price information within a set of markets. Some studies investigating the 
spatial relationships between markets (Spriggs et aL, 1982; Petzel and Monke, 1979; 
Brorsen et al, 1985; Koontz et aL, 1990) while others have examined the relationships 
between markets for related commodities (Spreen and Shonkwiler, 1981; Bessler and 
Brandt, 1982; Grant etal, 1983) 
Spriggs et al (1982) used Haugh-Pierce causality tests to investigate the relationship 
between the price of wheat in Canada and tiie USA, finding evidence of tiie USA price 
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leading that of Canada in the mid-1970's. The changing nature over time of any spatial 
relationships between markets for live cattie were tiie concern of Koontz et oL (1990). 
They used causality tests to identify tiie dominant markets in the cash live cattie market 
by investigating the nature of any feedback between markets. They argued tiiat 
symmetrical feedback would occur between two dominant markets which have equal 
importance in tiie price discovery process while asymmetrical feedback indicates the 
lesser importance of the less dominant market to price discovery. Their findings suggest 
that high volume terminal markets (equivalent in many senses to tiie auction markets in 
Australia) and direct markets (producer-processor selling) dominate the price discovery 
process in the 1980s, in contrast to tiie domination of terminal markets in general in the 
early 1970s. This change, they argued, reflected the changes in the cattie market in the 
USA where direct selling has grown in relative importance over the 1970s and early 
1980s, a pattern also experienced in Australia over the 1980s (see Table 3.1). 
Grant et aL (1983) looked at tiie relationships between different types of grain in tiie 
USA using Haugh-Pierce tests, while Bessler and Brandt (1982) examined tiie causal 
relationship between key variables in tiie hog and cattie markets. Spreen and Shonkwiler 
(1981) investigated the relationship between two different types of cattie (feeder and 
slaughter cattie) using Granger/Sims causality tests. 
More recentiy, the causality technique has been applied to examining lead-lag price 
relations between different market channels, in particular between cash and futures 
markets. As discussed above (2.2.5), price discovery is affected by tiie existence of 
alternative marketing channels. Oellermann and Farris (1985) and Koontz et aL (1990) 
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used causality testing to identify tiie dominant channel, cash or futures markets, for 
slaughter cattie in tiie USA while Oellermann etal (1989) examined tiie effect on price 
discovery of a lead-lag relationship between live cattie futures market and cash markets 
for feeder cattie. Leutiiold et al (1992) investigated tiie relationship between cash and 
futures markets for hogs, again with particular reference to the informational efficiency 
of tiie alternative market channels. In all four cases, the conclusion was that futures 
markets, with their dominant/leading role are central to the price discovery process. 
While the futures market dominates the cash markets in price discovery, information in 
futures market prices appears to be transmitted rapidly to cash market prices. 
One limitation of causality testing to determine market integration refers to any temporal 
ordering which may exist within the price series. In all the above analysis, the price series 
used for analysis have been average daily or average weekly prices (see, for example, 
Koontz etal, 1990). Causality testing may have limited usefulness if there is any temporal 
ordering of the operation of the markets. For example, if markets operate on different 
days of tiie week or if there is a delay between market openings, as between tiie world's 
key Stock Markets, the observed causality linkages may be dominated by these temporal 
orderings. This is discussed further in the next chapter in the context of cattie auctions 
in Queensland which operate on different days of the week. 
10.2.3 Dynamic Modelling, Including VAR Modelling 
Causality testing must be carried out within a dynamic model (see Garbade and Silber, 
1983;Oellermann, Brorsen and Farris, 1989;Monke and Petzel, 1984;and Brorsen etal, 
1985 for quite sophisticated dynamic models), yet some others have modelled market 
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dynamics without specifically tested for causality relationships (for example, Garbade and 
Silber, 1979; Ravallion, 1986; Ardeni, 1989; Faminow and Benson, 1990; Goodwin etal, 
1990; Goodwin and Schroeder, 1990, 1991). In tiiis section, attention is focussed on the 
modelling methods which are a natural development from the causality testing discussed 
above. However, there are two key papers which predate this other work to which some 
reference should be made (Garbade and Silber, 1979, 1983). 
In tiieir early work on price discovery, Garbade and Silber (1979) used a dynamic model 
to investigate the relationship between security prices at different stock exchanges in the 
USA. The same authors (1983) constructed a multi-period model to describe the 
relationship between cash and futures markets for a number of storable commodities. 
Their approach differs from that used by others in this area. In their 1979 paper, the 
dominance of a particular market was tested for by estimating the variance of prices 
formed at the different markets, with the dominant market exhibiting the greater 
variance. In the 1983 paper, tiiey explicitiy modelled the elasticity of supply for arbitrage 
services, with the dominance of either cash or futures market in the price discovery 
process deduced via the estimated value for this elasticity. 
More in the spirit of previous work using causality analysis, Ravallion (1986) formulated 
a dynamic model of spatial market structure to test explicitiy for different degrees of 
market integration and for specific structure to the flows of information between different 
regional markets. He exphcitiy modelled the market for rice in Bangladesh as a radial 
group of markets consisting of one central (dominant) market and several rural (satellite) 
markets. Causality testing of the Haugh-Pierce type is absent but the spirit of Granger 
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causality testing exists with tiie testing of the significance of lagged prices at other spatial 
markets in the price equations. Ravallion's model can be seen as a special case of 
equation (10.1) with restrictions placed on the potential linkages between markets, with 
many of the a^ coefficients of the (nxn) matrix forced to be zero. In particular the model 
explicitiy disallows causality links between different rural markets. 
Price behaviour in the central market is described by the following equation: 
For the otiier A^ -1 satellite markets, the following equation is assumed to describe price 
behaviour: 
Pjrt^;^,-.^tVu-.^^jf!^e., for/ = 2, 3, . .,N. ...(10.4) 
t=i t=o 
where Pj, is the price in the central market in time period f; 
Pj, is the price in rural market ; in time period t,]' =2,...,N; 
Xjt is a vector of other influences on tiie central market; 
Xj, is a vector of other influences on the rural markets; 
A^  is the number of markets; and 
n is the order of the time lag. 
That is,prices in the central market (N=l) are affected by that market's past prices and 
by past prices of the A^ -1 rural markets. An asymmetry exists between central market 
price behaviour and that of rural market prices in that the only prices potentially 
significant in Ravallion's model for a rural market's price are its own past prices and the 
past values of the central market prices. Whetiier because of informational asymmetry 
or of restrictions in movements of produce between rural markets, other rural markets' 
prices do not enter directiy into price determination in a non-central market. 
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Market integration can be tested by investigating various hypotiieses about tiie 
coefficients a^  and b/j. At one extreme, market segmentation, which asserts tiiat prices in 
a market are influenced only by lagged prices at that market, is accepted ifbjt=0 for all 
values of; and k. At the other extreme, short-run market integration, within one period, 
implies tiiat bjo= 1 and the coefficients a^ and fc^ are all zero for ^ > 0. That is any price 
increase or decrease will be fully and immediately passed on to the rural markets, with 
no lagged effects on future prices. A less stringent test of market integration is that of 
long-run integration, where price changes in rural markets are a function of past price 
changes at tiiat market and at the central market. 
The overlap between this model and the causality tests of the previous section can be 
shown by referring to the sigruficance testing of the models' coefficients: c^tral market 
prices are causal to the prices of the rural markets if the bj^ of equation (10.3) are non-
zero, and rural market prices are causal to the central market price series if the b^jt of 
equation (10.4) are non-zero. 
Faminow and Benson (1990) developed a complex model of spatial oligopoly to examine 
tiie impUcations of basing-point pricing for market integration but incorporated into this 
model the market integration tests of the Ravallion model. In the Faminow and Benson 
analysis, however, there is no central market assumed in the model and thus no 
restrictions on tiie direction of information flows between markets. Linkages between 
markets are tested for rather than assumed. Comparisons, as in most of the causality tests 
of the previous section, were restricted to between pairs of markets, as in equation (10.2). 
The extait of integration between more than two markets was not examined. 
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A more general vector autoregression (VAR) approach has been used to model the price 
transmission mechanism between any number of spatially separate markets (see Babula 
and Bessler, 1990; Babula etaL, 1990; Bessler, 1984; Brorsen et al, 1985; Van Tassell and 
Bessler, 1988; Bailey and Brorsen, 1985; and Schroeder and Goodwin, 1990). Again, no 
prior restrictions are placed on the potential linkages or information flows between the 
markets. Sims (1980) argues that possible mis-specification bias from inappropriate 
economic tiieories can be replaced by tiie inefficiency of a dynamic reduced-form VAR 
system which is over-parameterised. Economic modelling using a VAR approach allows 
the data set to reveal tiie appropriate dynamic structure. Providing tiiat a reasonable 
sample size is available, tiie relative loss in efficiency in parameter estimates is likely to 
be more tiian outweighed by tiie lack of specification bias. The general form of the VAR 
model to be estimated, for n individual price series, is the same as in (10.1), repeated 
below :^ 
p.-i: 
i - i 
'n < 
a', a' 
nn 
I - I .(10.1) 
Market linkages may be investigated within the VAR model by a number of techniques. 
Causality tests may be used to discover dominant-satellite relationships in much the same 
way as discussed above. However, more sophisticated testing procedures may be used 
witiiin tiie VAR approach. 
The speed and extent of market adjustments may be investigated by estimating the 
impulse response functions of tiie system of equations in (10.1). (See Bessler, 1984; Van 
Constants may also be incorporated into this model. 
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Tassell and Bessler, 1988; Babula et al, 1990; Babula and Bessler, 1990; and Schroeder 
and Goodwin, 1990.*) 
The impulse response function simulates the response over time of a one unit shock in 
one of the price series on all other price series in tiie system of markets. The impulse 
response functions are found by imposing a recursive structure on the moving average 
rq)resentation of the VAR model. (See Runkle, 1987, for a detailed discussion of tiiis 
metiiodology.) The choice of a particular sequential order for tius innovation analysis is 
fundamental to the validity of tiiis approach. Bessler argues that tiiis choice must be 
resolved on a/'n'on grounds (Bessler, 1984, p. 116). For example, Schroeder and Goodwin 
(1990) select tiie market ordering to be used for the innovation analysis on the basis of 
die results of Granger causality testing. That is, they first tested for dominant-satellite 
relationships between the regional markets using causality testing, then examined the 
magnitude and speed of responses using the impulse response functions. The larger and 
more immediate the response indicated by tiie impulse response functions, tiie more 
effective is the price transmission mechanism between tiie markets and thus the greater 
the extent of market integration. Using tiiis technique, Schroeder and Goodwin (1990) 
found tiiat larger volume markets adjust more quickly and with larger initial adjustments 
to a change in prices elsewhere than do smaller volume markets. 
Forecast error or variance decompositions can also be used to confirm the results of the 
causality tests and the impulse response functions with respect to the degree of market 
Only one of these papers examines the spatial linkages between different markets for the same 
commodity (Schroeder and Goodwin, 1990) while the others examine the price linkages between markets 
for differoit but related commodities. 
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integration. Like the impulse response function, the variance decomposition of a series 
is also a function of the moving average representation of equation (10.1). It is the 
proportion of the total forecast variance of one component which is caused by a shock 
in another variable within the system. Variables which are exogenous to the system, for 
example, prices at segmented markets,' would explain all of tiieir own forecast error 
variance. The proportion of the forecast error variance explained by innovations in its 
own price series will decline as the degree of market integration increases. 
A problem exists with the analysis of Ravallion and of Faminow and Benson which 
potentially exists in any VAR modelling analysis. It is tiie problem of how to deal with 
non-stationary time series. The Ravallion analysis suffers from the problem of spurious 
results, with no explicit correction for the non-stationary nature of the price series. 
Faminow and Benson explicitiy recognised the non-stationarity of tiieir price series and 
tested tiieir models in first-difference form. This first-difference approach also has severe 
limitations, specifically that it may lead to biased estimates for the coefficients, resulting 
from the omission of the levels variables (see Appendix 10.1). 
10.2.4 Cointegration and Error Correction Modelling 
The recognition that conventional approaches to test for market integration ignore the 
time series properties of the commodity price series was elaborated upon by Ardeni 
(1989) who tested for long-run relationships between price series using cointegration 
analysis. Goodwin and Schroeder (1990, 1991) also used cointegration metiiodology to 
These markets would also be independent in the context of Grange causality tests, with no causal 
•inks between the price series. 
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examine tiie linkages between different regional cattie markets in the USA. This 
technique avoids tiie spurious relationship problem and also provides a better method of 
dealing witii non-stationarity problems tiian the blunt use of a time trend (Bessler, 1984, 
and Van Tassell and Bessler, 1988) or tiie first-differencing of tiie data series (Bailey and 
Brorsen, 1985, Schroeder and Goodwin, 1990, and Faminow and Benson, 1990) to induce 
the desired stationarity of the series. Neither of these ^proaches is satisfactory (see 
Appendix 10.1). The use of time trends or first differenced data to explain price 
behaviour at different markets has unappealing implications for any long term 
relationship between these prices. The incorporation of time trends into tiiese models 
rules out the discovery of a stable relationship between prices at different markets of the 
kind implicit in integrated markets. Such a relationship can be derived only by imposing 
constraints on the coefficients of the time trend in these models. Equally, the use of first-
differenced data removes information about the nature of any long-term relationship 
betwe«i tiie prices. This in turn may lead to biased estimates for the model coefficients. 
The use of cointegration techruques provides a more rigorous approach to tiie problem 
of dealing appropriately with non-stationarity and allows both short term and long term 
relationships between prices to be investigated. 
If two series are cointegrated, they have the property tiiat, although the series may 
deviate from each other in the short run, in the long run the two series move together. 
More specifically, two non-stationary variables are said to be cointegrated if tiiere exists 
a linear combination of these two variables which is itself stationary.* In the context of 
A linear combination of non-stationary 1(1) variables would also goierally be non-stationary and 1(1) 
(Engle and Granger, 1987). 
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market integration, two price series may be non-stationary but the difference between 
them (representing the costs of transfer between the two markets) may be stationary. 
Arbitrage prevents the difference between the two price series diverging from an amount 
equal to the cost of transportation over any extended period of time, although short term 
deviations from this amount may be possible. Thus, cointegration between two price 
series is exactiy analogous to long-run integration between the two markets. 
For example, taking the two 1(1) non-stationary price series, Pj, and Pj,, there could exist 
some value for a such tiiat 
Z,=Pu-ccP^ ...(10.5) 
is a stationary series. If such a value for a exists, then the two price series Pj, and Pj, are 
cointegrated. In terms of market integration, the value for a would be expected to be 
unity, with Z, representing the series for the transport costs between the two markets (see 
Goodwin and Schroeder, 1991). 
This interpretation of cointegration in the context of market integration can be more 
readily seen by examining what tiie concepts of stationarity and non-stationarity mean for 
the behaviour of a data series. A stationary series is characterised by a constant mean 
and a firute constant variance. The series has a finite memory so that any innovation or 
shock will have only a temporary effect, with the series expected to return to its mean 
value within a finite time horizon. An example of a stationary time series is shown in 
Figure 10.1. A non-stationary time series has a non-constant mean and variance, with the 
variance increasing indefinitely witii time. A shock to the series will have a permanent 
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effect with no return to the mean value of tiie series expected within a finite time 
horizon. An example of a non-stationary time series is shown in Figure 10.2. 
Only if two non-stationary time series are cointegrated, witii Z^ stationary, will there be 
a tendency in the system (arbitrage in this context) to bring the two price series back into 
long term equilibrium. Z, in equation (10.5) is often called the error correction term. 
That is, only if tiie two series are cointegrated witii tiiere be long-run market integration 
betwe«i the two markets represented by the price series. Cointegration is thus a natural 
framework for the investigation of long-run equilibrium states. In this context of market 
integration, it can be used readily to test whetiier the price series at different markets 
move together in the long-run, that is, in equilibrium witii each other, or whether the 
series drift apart over time, which is what a finding of no cointegration would imply. 
If two series are cointegrated, then equation (10.5) can be rewritten as an error 
correction model using the Granger representation theorem (&igle and Granger, 1987, 
p.225): 
^P,^ = a,Z,., * laggedi^^^,^P^ + e„ ...(10.6) 
where Z^ is as defined in equation (10.5). 
All tiie terms in equation (10.6) are stationary only if the two series P ,^ and P^t are 
cointegrated, i.e. only if Z, is 1(0). The formulation of (10.5) as an error correction model 
highlights tiie problem of not dealing adequately witii tiie non-stationarity of tiie time 
series. If tiie two price series are not cointegrated, the error correction model is mis-
specified. The error correction term Z, is inconsistent, being 1(1). If tiie model is 
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Figure 10.1 A stationary time series 
QIDC 
Figure 10.2 A non-stationary time series 
nlH^ 
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estimated in first-difference form and the two variables are cointegrated, then tiie model 
will also be mis-specified witii the omission of the error correction term Z^. The error 
correction term captures the short run dynamics of the model and tiius only tiie error 
correction form of the model incorporates both the short run and long run dynamics of 
the relationships between the two series. 
RavaUion recognised tiiat, if markets are integrated in the long-run, the price equation 
(10.4) can be more efficiaitiy estimated as an error correction model by imposing the 
constraints on a,^  and bjt,. The limitations of the RavaUion approach is the order in which 
the testing is carried out. It is perhaps more logical to test first for cointegration, and thus 
for long-run market integration and then perform the more exacting tests for short-run 
integration. 
The testing for cointegration between the price series at different spatial markets to 
determine whether tiiere is long-run market integration provides a logical extension to 
causality testing. The strong links between causality and cointegration were first revealed 
by Granger (1988). This can be seen by examining the error correction model (10.6). The 
significance of the error correction term and lagged changes in prices at the second 
market in equation (10.6) are equivalent to the causality testing of the previous section. 
If two series are cointegrated, tiiere must be at least one-way causality between the two 
series (Granger, 1986). 
The testing for cointegration relationships between pairs of variables is discussed in 
Appendix 10.1. Ardeni (1989) and Goodwin and Schroeder (1990, 1991) use tiiese tests 
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to establish the existence of cointegration relationships between pairs of price series and 
thus long run integration between tiiese different markets. As with tiie causality tests, this 
pairwise approach restricts the extent of any investigation into market-wide relationships. 
There may be a number of multiple long-run equilibrium relationships within the system 
of markets which cannot be recognised within the restrictive bivariate model. The 
cointegration technique can be extended to a multivariate case, as done by other authors 
in a different context (see, for example, Johansen and JuseUus, 1990)'. Multivariate 
cointegration estimation techniques, however, have not been used to examine market 
integration. This multivariate approach to cointegration testing is outlined in Appendix 
10.1 and is used to analyse market integration in Queensland cattie auctions in the next 
chapter. 
An outline of the Johansen technique is presented in Appendix 10.1. 
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APPENDIX 10.1 
NON-STATIONAlUTY AND ITS IMPLICATIONS 
FOR TESTING FOR MARKET INTEGRATION 
Many of tiie studies reported in Chapter 10 are potentially unreliable and misleading 
because tiie autiiors have failed in their analysis to consider explicitiy the non-stationarity 
of the price series analysed, or have applied inadequate transformations, such as first 
differencing, to these non-stationary variables prior to testing. In this appendix, the 
problems of non-stationarity and its implications for tiie various tests for market 
integration presented in Chapter 10 are discussed. 
AlO.l Non-stationarity 
One of the assumptions of classical regression analysis is that the mean, variance and 
covariance of the error terms are independent, of time in the case of time series data. If 
these conditions are satisfied the error terms are referred to as (covariance) stationary. 
Non-stationarity invalidates the usual estimation procedures and associated inferential 
analysis. In particular, while stationary variables have a finite variance associated with 
them, the variance associated with non-stationary series is infinite. (Examples of a 
stationary and non-stationary time series were giv^ in Figures 10.1 and 10.2, 
respectively.) 
Economic time series may not be characterised by tiie assumed stationary patterns. 
Specifically, a number of series may be trending together over time, under the influence 
of some external factor, such as general price inflation. The results of any regression or 
correlation analysis on such time series are likely to be spurious. Granger and Newbold 
(1974) investigated this problem of spurious regression. In particular, correlation analysis 
and causality testing may yield spurious results where the series being analysed are non-
stationary. An extreme example illustrating this problem of spurious relationships is that 
discussed by Plosser and Schwert (1978) and Bessler and Kling (1984), where Granger 
causality between annual USA GNP and sunspots is examined. Using this extreme 
example, Bessler and Kling (1984) highlight tiie importance of tiie appropriate ti-eatment 
of the time series properties of the series being analysed. 
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In terms of Engle and Granger's notation (1987), a stationary series is said to be 
integrated of order 0, or is 1(0). If the series requires differencing d times before it 
becomes stationary, it is referred to as integrated of order d, or is l{d). Non-stationarity, 
or tiie absence of a constant mean and variance over time is a common feature of time 
series price data. Many of these non-stationary time series are 1(1), so tiiat tiie 
application of first differencing yields a stationary series. An alternative way of stating 
that a non-stationary series is integrated of order 1,1(1), is that it possesses a unit root 
of order 1. The literature on unit roots and tiie testing for unit roots is extensive and is 
discussed briefly below. 
The importance of recognising the order of a time series lies in the problems 
encountered if stationary and non-stationary variables are mixed in a regression. It is not 
consistent to consider a regression where the behaviour of a non-stationary dependent 
variable is explained only by stationary series. It is necessary, in this case tiiat the error 
term of such a regression would necessarily be non-stationary, violating the classical error 
term assumptions. As Granger states (1981, p. 127), "care has to be taken in the model 
specification so that infinite variance variables are not used to explain finite variance 
variables, or vice-versa". 
Fundamental to the analysis of time series data is the identification of the order of 
integration of the time series being analysed. This is achieved through tiie use of urut root 
testing procedures. 
A10.2 Testing for non-stationarity 
The first recognised unit root test was designed by Fuller (1976) and developed by Dickey 
and Fuller (1979, 1981). The following model is used to consider tiie unit root tests. 
y, = /So -H iS,/ + u, ...(AlO.l) 
and u^ = au,., + e, ...(A10.2) 
where a^ is a stationary series with zero mean. 
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The reduced form of this model is: 
y, = 7 + 5r + ay,., + e, ...(AlO.3) 
where 7 = /^^(l - a ) + i8,aand 5 = )8,(1 - a ) . 
If a = 1 (which implies 5 = 0), tiien equation (AlO.3) is said to have a unit root. The 
most common test is based on the test statistic t = . This does not follow the 
SE(a) 
usual t-distribution but the tables showing tiie appropriate values for this statistic are 
given in FuUer (1976). 
Improvements on this test were made by Said and Dickey (1984), Phillips (1987) and 
Perron (1988) to allow for e,to be other than white noise random errors. In particular, 
these augmented tests are more robust to autocorrelation and heteroscedasticity in the 
error terms, common problems arising in time series. The model given by (A10.3) is 
modified to include lagged changes in the dependent variable. The new model estimated 
is 
k 
y, = 7 + 5f + ay,., + Y.^M-j * «« ...(A10.4) 
The Augmented Dickey-FuUer test uses the t-statistic as defined above, using the 
information from equation (AlO.4) with tiie same critical values for t being used as for 
the simple Dickey-Fuller test, above. 
Variations of this test have been developed by Phillips (1987) and Perron (1988) to allow 
for a more general error structure. All these tests, however, have as their null hypothesis 
that the series has a unit root, the alternative being that the series is stationary. As with 
all classical hypothesis tests, tiie null hypothesis is only rejected when there is 
overwhelming evidence against it. The tests may thus have littie power. An alternative 
test has been developed by Kwiaticowski et aL (1992) which tests tiie null hypotiiesis of 
stationarity against the alternative that the series has a unit root. This test is shown to 
have more power. 
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AlO.3 Appropriate transformations for non-stationary time series 
If non-stationarity is established using any of tiiese tests, tiie metiiod of transformation 
of tiiese time series, if any, is subject to debate. At one extreme are Nerlove etal (1979, 
p.252) who argue strongly for analysis using original untransformed data, allowing the 
non-stationarity of one time series to explain the non-stationarity of the otiier series. At 
the otiier extreme are Plosser and Schwert (1978) who believed tiiat tiie dangers 
associated witii underdifTerencing of time series prior to analysis could greatiy exceed 
those witii overdifferencing. A more balanced view is put forward by Granger (1981) who 
believed tiiat transformation of the data may not be required, for example, to test for 
Granger causality as long as the equations of tiie form of (10.1) and (10.2) are 
'consistent'. The consistency of variables in an equation can be determined by examining 
die 'order' of tiie variables (Granger, 1981), as described above. However, consistency 
should be tested for, using some form of the unit roots test discussed above, rather than 
assumed, before applying causality tests to untransformed non-stationary series. 
In botii bivariate and multivariate analysis, there are two methods which have been 
commonly used until recentiy to deal witii tiie problem of non-stationarity of the time 
series. The first of these is to augment the equation being estimated by a time trend. In 
the context of VAR analysis, this is the 'Minnesota' tradition established by Sims (1972) 
and is the metiiod used by Bessler (1984) and Van Tassell and Bessler (1988). The 
second method is based on the fact that stationarity may be induced by differencing the 
non-stationary time series. First differencing may be all that is required to induce 
stationarity (as in Bailey and Brorsen, 1985; Schroeder and Goodwin, 1990; Koontz etal; 
and Faminow and Benson, 1990) or higher order differencing may be required 
(Richardson, 1978). In these cases, the analysis, either causality testing or VAR 
modelling, has been carried out using the first- or higher order-differenced variables as 
the explanatory variables. 
Ndtiier approach is entirely satisfactory. Inclusion of a time trend may alleviate the non-
stationarity problem if the series are trend-stationary (where the data have constant 
variance but are distributed around a trend ratiier tiian a constant mean). However, it 
IS unreasonable to assume that, over a long period of time, behaviour can be described 
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by simplistic deterministic time trends. In tiie context of multiple markets, a set of 
equations estimated to investigate the integration of markets which each incorporated a 
time trend, would imply that prices at different markets must diverge (or converge) in the 
long run, unless the coefficients on tiie time trend were forced to be the same. This 
problem of using non-stationary series augmented by a time trend is highlighted when any 
innovation analysis is carried out (see 10.2.3 for a discussion of innovation analysis). 
Impulse response functions can be found to be unrealisticaUy slow to dampen after a 
price change (see Bessler, 1984). Nelson and Kang (1984) strongly criticise the use of 
time ti^nds to allow for the non-stationarity in tiie series analysed. Phillips (1991) has 
indicated other statistical problems tiiat exist with unrestricted VAR models which are 
formulated in levels with non-stationary series. 
On tiie other hand, first- (or higher order-) differencing all the data series removes too 
much information about any long-run relationships that may exist between the price 
series, and wiU bias the estimates of tiie coefficients in tiie equation (see Nerlove et al, 
1979; and Banerjee et al, 1986). 
The polarity of the models in levels and those in first-differences can be highUghted by 
a reparameterisation of A10.5, equivalent to a constant-augmented version of equation 
(10.1) 
P,=a- E^.^r-. * ^, ...(A10.5) 
into equation (A 10.6) 
t - i 
AP= a * YBAP, + DP, ^ E, 
I i.^ I /-I i-i t 
,..(A10.6) 
i-l 
where B, = -E4 ; o = 
j'i*l 
EA - ' .(A10.7) 
If i) is unrestricted, i.e. matrix D is of fuU rank (=n), ordinary least squares (OLS) 
estimates of tiie levels model represented by (A10.5) are directiy related to tiie OLS 
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estimates for equation (A10.6) by (AIO.7). If D = 0, i.e. D has zero rank, tiien tiie first-
difference model is appropriate. In this case, equation (A 10.5) is over-parameterised and 
its estimates are inefficient. In between these two extremes, where matrix D has rank r, 
where 0 < r < n, are the vector error correction models represented by (A 10.6). If the 
first-difference model is estimated and tiie rank of D is non-zero, then tiie estimates of 
this model wUl be biased because of the omitted variables, the P^j. Therefore, the rank 
of D must be determined before the appropriate model may be estimated. Determining 
the rank of D is equivalent to finding whether any cointegrating relationships exist 
between tiie price series. This is discussed, in terms of both the bivariate model and the 
multivariate model, below. 
A10.4 Cointegration of non-stationary time series 
Even tiiough series may be non-stationary but integrated of the same order, there can be 
a linear combination of tiiese variables which is stationary. In this event, tiie series are 
said to be cointegrated (Granger, 1981). If two series are cointegrated, there is no need 
to apply transformations such as first-differencing to ensure that the error term e, of 
equation (A 10.4) is stationary and, therefore, consistent with the classical assumptions of 
regression analysis, e, wiU be 1(0) if the two series Pj and Pj are cointegrated. 
P„ = a * ^P^ + e, ...(A10.8) 
Equation (AlO.8) is referred to as the cointegrating regression, and B, the cointegrating 
parameter. 
Engle and Granger (1987) proposed a two-step procedure for evaluating the relationship 
between two pairs of 1(1) variables. The first step is to estimate the equation (AlO.8) 
using OLS techniques. The residual errors, e,, are then calculated, where 
e, = r,, - d - /SF^,.Using these estimated residual errors, Engle and Granger (1987) list 
seven tests for cointegration between the pairs of variables, Pj, and Pj,. These are the 
tests used by Goodwin and Schroeder (1991) and otiiers in their test for pairwise 
cointegration. Two of the most commonly used of tiiese test apply Dickey-FuUer type 
tests, discussed above, to test tiie stationarity of tiie residual errors. The ADF test has 
become the most widely accepted of these tests. 
However, a number of problems have been identified witii tiie two-step procedure where 
there are more than two potentially cointegrated series. In particular, the two-step 
procedure assumes a unique cointegrating vector between tiie group of series where, in 
fact, tiiere may be more than one cointegrating vector (HaU, 1989). There is also a 
normalisation problem when tiiere are more than two series being investigated, with test 
statistics varying according to which of the series is used as the base for normaUsation. 
In addition, HaU found that the test statistics derived from tiie two-step procedure may 
not have weU-defined Umiting distributions. 
Johansen (1988) and Johansen and JuseUus (1990) have developed an asymptoticaUy vaUd 
method to extend the testing of cointegrating relationships to a multivariate situation 
using maximum likelihood estimation. The metiiod provides estimates of aU the 
cointegrating vectors existing between a group of variables as weU as statistics to test for 
die number of cointegrating vectors which have an exact Umiting distribution. 
Johansen's method can be explained by reference to equations AlO.6 and A10.7, above. 
The test for multivariate cointegration focuses on determining the rank of matrix D. 
There are tiiree possibiUties for the rank of matrix D: 
rank(D) = n, which impUes that aU n series are stationary; 
rank(D) = 0, which indicates tiiat there are no cointegratiing relations 
among the series; and 
rank(D) = r, where 0 < r < n. That is, tiiere are r cointegrating 
relationships between the n series. 
The Johansen estimation procedure is based on canonical analysis of the OLS residuals, 
Ro and Rfc derived respectively from the two auxiUary regressions: 
...(A10.9) 
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The canonical correlations of R^  with respect to Ro are then derived. Defining 
* n 
the problem becomes that of finding the eigenvalues for |X5^ - 'S'^ '^ oo'^ o* I ~ ^ ^ ^ ^^ 
cortesponding eigenvectors. The largest r eigenvalues define tiie r cointegrating vectors 
between tiie n variables. 
The value of r is found by calculating the maximal eigenvalue (Qi) and/or trace (Q2) test 
statistics: 
n 
(2, = - rh i ( l -X^^,), and Q.^ = - r J^ ln(l -X.), where X^ ,^ to X^  are the n-r smaUest 
eigenvalues and Tis the number of observations. The critical values of these test statistics 
are given in Johansen and JuseUus (1990). 
The nuU hypothesis is the same for both tests, tiiat tiiere are at most r cointegrating 
vectors. The test procedure is simUar for both tests with the eigenvalues ordered from the 
largest to the smaUest. The hypotiieses can then be tested progressively, starting with the 
largest eigenvalue, tiien the next largest etc.. For the trace test, in the first step, using the 
largest eigenvalue and r=0,ifthe nuU hypothesis is rejected, the conclusion is that there 
is at least 1 cointegrating vector. The test procedure continues using tiie next largest 
eigenvalue untU the nuU hypothesis that there are at most r cointegrating vectors is 
accq)ted. This determines the value for r and tiius the number of cointegrating 
relationships. 
The r eigenvectors corresponding to the r largest eigenvalues are the r stationary linear 
combinations of the n series. The remaining n-r canonical variates are non-stationary. The 
r stationary relationships can be used to define the error correction variables for use in 
a vector error correction model which can tiien be used to explore the nature of the 
relationships between the n series in more detaU (see Chapter 11, Section 11.4). 
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CHAPTER 11 
MEASURING MARKET INTEGRATION BETWEEN 
QUEENSLAND CATTLE AUCTIONS' 
In this chapter, price arbitrage between Queensland cattie auctions is modelled to 
determine how quickly price changes in one geographical sector of the market are 
diffused to other areas. The concern of this chapter is the existence, rather than the 
cause, of any price interrelationships. However, any arbitrage opportunities wiU be 
identified in the foUowing analysis. The existence of arbitrage opportunities is 
interpreted to indicate an absence of perfect market integration and thus the existence 
of some inefficiencies in the price discovery process. CausaUty tests are carried out to 
examine the existence of leads and lags in information flows between markets. It is 
shown that these are dominated by the temporal ordering of the operation of the 
auctions examined. Pairwise cointegration tests and the associated error correction 
models reveal tiie existence of significant lags between price movements at one 
market and price changes elsewhere. However, the price transmission mechanism is 
better investigated using multivariate cointegration techniques developed by Johansen 
(1988) to allow the full set of interrelationships between the four markets to be 
examined. A VAR approach, using this information, is then used to aUow an 
innovation analysis to be used to examine the varying speed and strength of responses 
to changes in prices at the spatiaUy separate markets. 
Sections of this chapter are based on Williams and Bewley. 1993. Price Arbitrage Between 
Queensland Cattle Auctions. Australian Journal of Agricultural Economics 37(1): 33-55. 
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U.l DATA 
An important segment of tiie Queensland slaughter cattie market is the heavy steer, or 
Jap-Ox, market. The meat from these cattie is almost exclusively exported to Japan. 
One advantage witii using this type of cattie for the analysis is its relative 
homogeneity. The classification "Jap-Ox" is tightiy defmed, with cattie required to 
meet minimum weight, fat and muscle score requirements. Cattie meeting these 
requirements wUl attract the premium price associated with Jap-Ox, with Uttie price 
variation associated with other characteristics. 
This analysis has been Umited to Jap-Ox because, for other categories of cattie, quaUty 
variations as indicated by different breed, area of origin, and weight and fat cover are 
wide between different regions of the State, with prices varying accordingly, as shown 
in Part n of tiie tiiesis. This heterogeneity would unnecessarily confound the analysis 
of information flows which is central to this part of the thesis.' 
The data used in this analysis are the average prices (expressed in cents per kilogram) 
for aU lots of Jap-Ox sold on each sale day. These weekly average prices are those 
reported in the Uvestock market reports compiled by the Livestock Market Reporting 
Service of the LMAQ .^ Each market meets on a weekly basis so that effectively the 
The heterogeneity of products traded within a group of spatially separate markets can be 
incorporated into the analysis by using hedonic price indices to allow for the quality variation. These 
indices could be calculated from the information contained in Part II of the thesis. 
Note that the form of the data varies from that used in Part II of the thesis. In the previous 
analysis, the data used referred to individual lots of cattle sold. In this instance, the prices of the lots sold 
are averaged to produce a single average price for each market day. This averaging of lot prices also 
reduces the impact of any quality differaices between the lots of cattle sold. 
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data are weekly time series. The series used here are for four of the major saleyards 
in Queensland for the Jap-Ox market: Rockhampton, Toowoomba (2 saleyards with 
sales on different days) and Townsville. AU three centres are located in the main 
cattie producing areas of Queensland with TownsviUe in the north and Toowoomba in 
the south; whUst Rockhampton is located approximately halfway between the other 
two centres and is dominant in terms of saleyard volumes. The period covered by the 
analysis is March 1986 to August 1989 leaving 169 observations on weekly average 
prices for estimation after lags have been taken into account.^ 
11.2 DETERMINING THE ORDER OF INTEGRATION OF THE PRICE SERIES 
The four price series are presented in Figure 11.1. The log of the ratio of each price 
series to tiiat for Rockhampton is shown in Figures 11.2 to 11.4 and the change in the 
log of the price for Rockhampton in Figure 11.5. Casual empiricism suggests that the 
individual price series are non-stationary and tiie fact that the log-price ratio series 
are less trending than the raw data suggests that there might be a single common time 
trend to aU prices. These assertions are tested with augmented Dickey-FuUer (1979) 
tests, where the log-average prices are defined by 
yi = Monday meeting of Rockhampton saleyard, 
y2 = Tuesday meeting of Toowoomba saleyard, 
y3 = Wednesday meeting of Toowoomba saleyard, 
y^ = Wednesday meeting of Townsville saleyard. 
The presence of Christmas, Easter and other public holidays, the breakdown of electronic data 
collection devices and adverse weather can each cause the cancellation of an auction or the omission of 
the record of an auction which did take place. In such cases, missing data were replaced by the average of 
the adjacent prices. It should also be noted that the following analysis is quite robust to the deletion of 
observations 90 - 99 (December 1988 - February 1989) which are characterised by excess price volatility. 
The analysis reported in this chapter refers to the entire data set. 
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Third-order autoregressive processes were estimated for each series, the order being 
determined through a sequence of t-tests commencing with a lag length of 8. In the 
second column of Table 11.1, augmented Dickey-FuUer statistics are reported for the 
nuU hypotiiesis of non-stationarity against an alternative of stationarity, that is, an 
alternative of a process integrated of order zero, 1(0) in Granger's (1981) notation. In 
the third column, corresponding statistics are reported for simUar tests on the first-
differenced series so that the alternative hypothesis in each case is that the time series 
is 1(1), that is the first-difference of each time series is stationary. Thus, a rejection of 
the nuU hypotiiesis in column three, foUowing a failure to reject the nuU hypothesis in 
column 2, leads to a conclusion that a given series is 1(1). The appropriate one-sided 5 
per cent and 2.5 per cent critical values of the augmented Dickey-FuUer tests are -2.88 
and-3.14, respectively (FuUer, 1976, p.373). 
Table 11.1 Augmented Dickey-FuUer tests for non-stationarity 
Variable 
Yi 
Ji 
y^ 
Yi 
yi-yx 
ya-yi 
y4-yi 
Time series in: 
levels 
-2.68 
-2.48 
-2.65 
-2.94 
-5.20 
-6.88 
-4.48 
differences 
-10.73 
-10.15 
-12.48 
-13.49 
-13.01 
-12.86 
-13.69 
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It foUows from Table 11.1, therefore, that each of the three log-price differentials 
(y^-y,), (Vs -y,) and (y^ - y,) are stationary (1(0)), and each ofyi,y2, and y^ are non-
stationary and 1(1), with each statement being made at the 5 per cent level of 
significance. It can be noted that 4^ is 1(0) at the 5 per cent level of significance but, at 
the 2.5 per cent level, it can be concluded that 4^ is also non-stationary and 1(1). 
11.3 BIVARIATE MODELLING OF THE PRICE TRANSMISSION MECHANISM 
Three of tiie techniques discussed in Chapter 10 can be appUed simply to this data set 
to examine the extent of market integration between pairs of markets. The first, 
calculation of the correlation coefficient between pairs of the price series, is not 
expected to reveal much about tiie extent of market integration, for the reasons given 
above. The second, causaUty tests between pairs of the price series, may also provide 
littie information about the linkages between price discovery forums: the sales at 
Rockhampton, Toowoomba and TownsviUe occur on separate days and thus 
information flows will tend to be dominated by tiie temporal ordering of the sales. 
The pairwise nature of the analysis also Umits tiie usefulness of this technique. It may 
be impossible to determine which centres are dominant in the price discovery process 
when only pau^se testing is used. These criticisms can also be made of the third 
technique used - cointegration tests between pairs of markets. However, these tests 
are carried out to see if they reveal any information about the likely strength and 
direction of market linkages. 
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11.3.1 The Correlation Coefficient 
Taking tiie zero order correlation coefficient between pairs of markets as a starting 
point for the analysis of market integration, moderately high correlation coefficients 
were found between most pairs of markets, as shown in the second column of Table 
11.2. These coefficients were lowest for the links between Townsville and the other 
three centres and highest for the two Toowoomba markets and the Rockhampton-
Toowoomba Tuesday pair. 
Table 11.2 Zero-order correlation coefficients for market pairs 
Market pair 
Toowoomba <--> Toowoomba 
Tuesday Wednesday 
Rockhampton <--> Toowoomba 
Tuesday 
Toowoomba <--> Townsville 
Tuesday 
Rockhampton <--> Toowoomba 
Wednesday 
Toowoomba <--> TownsvUle 
Wednesday 
Rockhampton <--> TownsviUe 
Correlation coefficient 
Price levels 
-hO.893 
+0.893 
-1-0.774 
-h0.809 
-1-0.718 
-h0.750 
Price change 
-1-0.212 
-1-0.247 
+0.182 
+0.083 
+0.120 
+0.010 
However, as discussed above (Section 10.2.1), since the price series examined are aU 
non-stationary, the results of the zero order correlation coefficients may be 
misleading. As shown in Table 11.1, the price series are stationary in first difference 
form. The correlation coefficients were then calculated on pairs of the stationary first 
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differenced series. As shown in tiie tiiird column of Table 11.2, tiie correlation 
coefficients found between tiie differenced series are not high. This is not surprising. 
Even if tiie markets are integrated, a high correlation between the one-period changes 
in prices at two centres would only occur if the dynamics of information flows and 
associated price responses were very simple and immediate. More complex dynamics 
can be incorporated using a VAR approach. 
11.3.2 CausaUty Tests 
Granger-causality tests could reasonably be utiUsed to test for the direction of 
information flows in studies based on average weekly or daUy prices (see Garbade and 
Silber, and Koontz et al.). However, Queensland cattie markets operate on different 
days of tiie week and it is anticipated that temporal links would tend to dominate the 
causal links in standard causaUty tests. CausaUty tests using tiie untransformed price 
series were carried out using the Sims approach."* The results are shown in Table 11.3 
and diagrammaticaUy in Diagram 11.1. The price series for Rockhampton is the only 
series which shows significant causaUty links in both directions between aU tiiree 
remaining series, a feature of the central (dominant) market as defined by RavaUion 
(1986). Rockhampton is the most important market in terms of volume, with sales of 
Jap-Ox averaging 160 lots per week over the period of analysis, compared with 50 to 
60 lots per week at the other centres. Rockhampton is also the first sale of the week 
among the centres reported, taking place on a Monday. Thus, price movements at this 
Untransformed data series were used as the series were shown to be of the same order of 
integration and indeed are consistent, in Granger's terminology. Where the sale day of a particular centre, 
for example, Toowoomba Tuesday, preceded that of the causal variable, for example, Toowoomba 
Wednesday prices, the lagged value of the causal variable was used in the causality tests. Where the sales 
occurred on the same day at the two centres, both current and lagged linkages were examined. 
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centre wUl reflect any new information which has become available since tiie last sale 
of the previous week (on Thursday). Further new information (if any) is revealed in 
the prices paid at the Tuesday sales in Toowoomba. Diagram 11.1 Ulustrates the 
dominance of the temporal Unks revealed by the causality tests between the four 
centres. Although Toowoomba Tuesday prices are found to be strongly causal to 
Toowoomba Wednesday prices, the link between Toowoomba Wednesday prices and 
the foUowing Toowoomba Tuesday prices is weak. New information arriving between 
Table 11.3 The results of pairwise causaUty tests 
• 
Direction of CausaUty 
Rockhampton - > Toowoomba Tuesday 
Rockhampton - > Toowoomba Wednesday 
Rockhampton - > TownsviUe 
Toowoomba Tuesday - > Rockhampton' 
Toowoomba Tuesday - > Toowoomba Wednesday 
Toowoomba Tuesday - > TownsviUe 
Toowoomba Wednesday - > Rockhampton' 
Toowoomba Wednesday - > Toowoomba Tuesday' 
Toowoomba Wednesday - > TownsvUle' 
Toowoomba Wednesday - > TownsviUe 
TownsvUle -> Rockhampton' 
TownsviUe - > Toowoomba Tuesday' 
TownsvUle - > Toowoomba Wednesday' 
TownsviUe - > Toowoomba Wednesday 
indicates that the causality test was for lagged values of the ca\ 
indicates significance at 1 % level 
mdicates significance at 5 % level 
indicates significance at 10% level 
F-Value 
5.90*** 
4.46*** 
2.24** 
2.44** 
13.16*** 
2 24*** 
5.28** 
2.15* 
1.19 
1.95* 
2.29** 
0.98 
1.65 
2.35** 
isal variable only 
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the Wednesday and foUowing Tuesday, for example, as revealed in Rockhampton 
(Monday) price movements, dominates the latter relationship. CausaUty tests appear 
to have Umited usefulness in assessing the extent of market integration when markets 
trade on different days witii the temporal ordering of the sale days dominating the 
price relationships. 
11.3.3 Pairwise Cointegration Tests 
As was shown above (Section 10.2.4), long-run integration between markets can be 
revealed by examining whether there is a bounded relationship between the price 
series, that is, whether the price series are cointegrated. To determine whether the 
four centres examined showed long-run integration, a series of pairwise cointegration 
tests were carried out. Again the Umitations of pairwise testing are admitted but some 
insight into the nature of the relationships between the centres can be gained if 
cointegration is found and an error correction model formulated and estimated. 
The results of the pairwise cointegration tests are shown in Table 11.4. AU pairs of 
markets are found to be cointegrated, with the exception of the Toowoomba Tuesday 
and TownsvUle pair. Here tiiere is a conflict between tiie DW and ADF tests but the 
ADF test is beUeved to be a more rigorous test than the DW test. The finding of 
tiiese cointegrating relationships suggests than there is long-run integration in the 
market for Jap-Ox in Queensland between these four centres. 
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Table 11.4 Results of pairwise cointegration tests 
Market pair 
Toowoomba Tuesday -
Toowoomba Wednesday 
Toowoomba Tuesday -
Rockhampton 
Toowoomba Tuesday -
TownsviUe 
Toowoomba Wednesday 
- Rockhampton 
Toowoomba Wednesday 
- Townsville 
Rockhampton -
TownsviUe 
1 indicates direction 
1 
2 
1 
2 
1 
2 
I 
2 
1 
2 
1 
2 
R^  
0.7979 
0.7987 
0.5980 
0.6542 
0.5162 
0.5618 
shown 
2 indicates reverse direction 
*** indicates rejection of the nuU hyp 
cointegration at 1% level 
** indicates rejection of the nuU hyp 
cointegration at 6% level 
* indicates rejection of the nuU hyp 
cointegration at 10% level 
DW 
1.628*** 
1.846*** 
0.975*** 
1.014*** 
0.668*** 
0.857*** 
1.243*** 
1.064*** 
0.946*** 
0.917*** 
0.793*** 
0.943*** 
Dthesis of no 
Dtiiesis of nc 
athesis of nc 
ADF 
-4.87*** 
-6.58*** 
-4.58*** 
-4.86*** 
-2.79 
-3.09* 
-6.18*** 
-5.61*** 
-3.36** 
-3.33** 
-3.57** 
-3 77*** 
Further insights into the extent of integration can be found be estimating a series of 
single equation error correction models. The parameter estimates for the preferred 
forms of these four error correction models are presented in Table 11.5. 
There are strong linkages between the four markets as indicated by the significance of 
the error correction terms in each model. Prices at Rockhampton and Toowoomba 
are particularly sensitive to the differentials in tiie market place, tiiese differentials 
being a measure of tiie extent to which prices at tiie markets are out of line. AU error 
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correction terms are significant and take the correct (negative) sign.^  Only Townsville 
shows limited links witii tiie otiier markets, witii only the Rockhampton-TownsviUe 
differential being found to affect Townsville prices. Rockhampton and Toowoomba 
Tuesday appear to dominate the price discovery process as indicated by the 
importance of these prices, both in the error correction terms and lagged price 
changes.* Again, temporal considerations may be driving the relationships. 
The negative signs on the coefficients on the lagged price changes can possibly be 
explained by supply effects - a cobweb effect. An increase in the price of cattie in 
week t may cause producers to try to take advantage of this higher price by selling 
cattie. Any such positive supply response wiU tend to lead to a reduction in prices in 
the next period. 
Short-run market integration (within one period) is rejected by the data: lagged effects 
are important. However, the response time for price changes to flow through to other 
markets is generally smaU, less than two weeks. Only in TownsviUe are price 
movements over the past four weeks important in determining current price levels. 
Indeed the dominance of past prices in TownsviUe sets it apart from the other three 
centres. This result, plus the weakness in the causality Unks between TownsviUe and 
the other centres, suggests that TownsviUe, whUe not being segmented, may be 
An increase in the differential between the two series, {P^, - Pj^ leads to a decrease in P^^ 
The timing of sales at the Wednesday sales at the Toowoomba and Townsville markets precluded 
their inclusion in the model as current price changes. 
298 
Table 11.5 Parameter estimates for error correction models 
F.rror correction 
terms 
(yi - y3)-i 
(yi - y4)-i 
(y: - ya)-! 
(yi - yi)-i 
(y2 - y4)-i 
(y3 - yi)-i 
(ys - y2)-i 
(y4 - yi)-i 
Current price 
changes 
Ay, 
Ay, 
Lagged price 
changes" 
Ay,(-i) 
Ay^ C-i) 
AysC-i) 
Ay4(-1) 
Ay4(-2) 
_Ay,(-3) 
Deoendent variable 
Ay, 
-0.2419*** (-5.14) 
-0.0898*** (-2.79) 
0.1321 (1.56) 
-0.1580*** (-2.88) 
0.0755 (1.33) 
t-statistics shown in brackets 
H) indicates variable is lagged t 
indicates significant at me 1 
mdicates significant at the 5 
mdicates significant at the 1 
Ay, 
-0.1706*** (-3.06) 
-0.2142*** (-3.53) 
0.0970*** (3.25) 
0.3279*** (4.90) 
-1.1041 (-1.42) 
Ay, 
-0.2144*** (-3.62) 
-0.5927*** (-7.43) 
0.0988 (1.05) 
0.5780*** (5.49) 
-0.1815** 
(-2.11) 
w i periods 
% significance level 
% significance level 
0% significance level 
Ay4 
-0.1093*** 
r-2.65) 
0.3516*** (3.43) 
-0.1396 (-1.47) 
0.1871* (1.72) 
-0.4720*** (-5.90) 
-0.2514*** (-3.00) 
-0.1270* (-1.68) 
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considered to be on the fringe of the Queensland Jap-Ox market. Its geographic 
isolation may well be the reason. 
11.4 MULTIVARIATE MODELLING OF THE PRICE TRANSMISSION 
MECHANISM 
By incorporating aU the linkages between markets simultaneously, multivariate 
analysis and, in particular, multivariate cointegration techruques can use aU the 
information incorporated in the data to investigate the nature of any relationships in 
the system of markets and thus avoid the problems associated with the use of the two-
step procedure (as indicated in Appendix 10.1). As discussed in the previous chapter 
(Section 10.2.3), the modelUng of the price transmission mechanism using a VAR 
approach has been appUed elsewhere. The general form of the model to be estimated 
for n individual price series is: 
1=1 
where F, is an n x I vector of the logs of tiie prices at time f; a is an n x 1 vector of 
parameters; A^, i = I, ...,p aie n x n matrices of parameters; F, is an n x 1 vector of 
independentiy and normaUy distributed disturbances with £(F,K,') = Q, and p is the 
lag lengtii. 
This type of model has been estimated by others both in levels form, incorporating a 
time trend, and in first-difference form. A more rigorous approach, as outlined in 
Appendix I0.1,is to consider the rq)arameterisation of (U.l) given by equation (11.2) 
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and to estabUsh the rank of tiie matrix D in equation (11.2). This wiU tiien determine 
whether either of these approaches is appropriate for the current data set. 
k-\ 
That is. AF = a + YBAP, ^ DP, + E, ...(11.2) 
I - l 
where 5. = -E4 D = 
H^\ 
EA - / ...(11.3) 
As discussed in Appendix 10.1, the determination of tiie rank of D is equivalent to 
finding whether any cointegrating relationships exist between the prices at separate 
markets.^  If Z) = 0 , then no cointegrating relationships exist and the first-difference 
model is appropriate; if « > rank(D) = r > 0, there are r cointegrating relationships 
and the use of the first-difference model wiU lead to omitted variable bias with the 
removal of aU long run relationships. As indicated in Appendix 10.1, Johansen and 
JuseUus (1990) have proposed tests to determine the rank of D, and Johansen (1988) 
has derived the maximum likelihood estimator for the case when 0 < r < n. 
In the foUowing analysis, use is made of Johansen's system approach to estabUsh the 
existence of stable long-run relationships between prices in the group of four spatiaUy 
separate markets. An appropriate vector error correction model, incorporating these 
relationships, is then developed to investigate the speed with which prices adjust in 
response to a one-time shock in the equUibrium relationships. 
Cointegration exists when stationary linear combination(s) of non-stationary time series exist. 
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11.4.1 Determining the Number of Cointegrating Relationships 
While tiie procedure to detect the existence of a cointegrating relationship between 
two series is simple, the extension to the multivariate case is somewhat more 
complicated. As outiined in Appendix 10.1, Johansen (1988) proposed a maximum 
likelihood estimation procedure for jointiy estimating the parameters of any 
cointegrating relationships and the dynamic structure within the framework of 
equation (11.2). Johansen's procedure in the current context involves the 
transformation of tiie four log-price series into four linear combinations in a canonical 
analysis of the original series. If r long-run (cointegrating) relationships exist, r of the 
linear combinations (canonical variates) are stationary and n-r are non-stationary. The 
imposition of cointegration on equation (11.2) can be expressed as rank restrictions on 
the matrix D. Johansen and JuseUus' (1990) maximal eigenvalue and trace statistics 
are used to determine r and these statistics, together with 95 per cent critical values, 
are given in Table 11.6. 
Table 11.6 Johansen and JuleUus' tests for cointegration 
NuU 
hypotiiesis 
r < 3 
r < 2 
r < I 
r = 0 
Maximal eigenvalue 
observed 
value 
4.77 
23.47 
33.94 
76.97 
95 per cent 
critical value 
8.18 
14.90 
21.07 
27.14 
Trace statistic 
observed 
value 
4.77 
28.23 
62.17 
139.14 
95 per cent 
critical value 
8.18 
17.95 
31.52 
48.28 
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Given tiiat botii test criteria in Table 11.6 indicate tiiat tiie nuU hypothesis r < 2 
should be rejected at the 95 per cent level, but that tiie nuU r < 3 should not, it is 
concluded that there are three cointegrating equations, or stable long-run 
relationships, linking the four series with only one (n - r) source of non-stationarity. 
The three stationary canonical variates, z,, / = I ,...3 can be expressed as 
Zj = 0.5744yj + 29.8331y2 - 30.0602^, - 1.2033y, 
z^ = 26.7245y, - 24.3728y2 + 1.6245y3 - 5.3800y, ...(11.4) 
Z3 = 2.1830y, - 16.0628^2 - 2.7257^3 + 17.1898y, 
or, equivalentiy, as Z, = MY, where Z, =[2 ,^ Z2, z^J' and the 4 x 3 matrix M is 
implicitiy defined by equation (11.4). 
There is a clear pattern in the weights of these stationary linear combinations. In each 
case tiiere is a dominant pair of relatively large coefficients with approximately equal 
and opposite signs. In turn, this impUes that log-price differentials are important in 
defining the cointegrating basis. This also confirms the results of the bivariate analysis 
above. 
11.4.2 A Vector Error Correction Model 
The impUcit restrictions on D in equation (11.2) that flow from three cointegrating 
relationships can be expressed as 
Ay, = a + E^.Ay,.,. ^GZ,_, +v, ...(11.5) 
1=1 
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where ^, = [Zj, Z2, ZjJ' is the 3 x 1 vector of error-correction terms derived from Z, by 
subtracting tiie mean of each linear combination z^ , from z^, (as defined in equation 
(11.4)), and G is a 4 x 3 matrix of parameters implicitiy defined by D = GM'. 
OLS estimation of equation (11.5), conditional upon the maximum likeUhood 
estimates of the weights used to form the canonical variates in equation (11.4), 
produces parameter estimates which are numericaUy identical to the maximum 
likelihood estimates defined in Johansen; these estimates are presented in Table 11.7. 
It can be noted from that table that each error-correction term is significant at the 5 
per cent level in at least one equation and each equation has at least one significant 
error-correction term.* Joint tests of significance suggest that the deletion of any one 
of these error-correction terms from the system as a whole would be rejected at even 
the 0.1 per cent level of significance. 
It is also clear from Table 11.7 that the lagged change in the TownsviUe price, Ay4,.;, 
is highly significant in the A>'4, equation whUe all other lagged changes, both in that 
equation and tiie other three, are insignificant at the 5 per cent level. The joint nuU 
hypothesis tiiat Bj = 0 in equation (11.5) is rejected using Sims adjusted Ukelihood 
ratio test since the observed value of this statistic is 29.52 which can be compared with 
a 95 per cent critical value of x^(16) =26.3. 
The importance of detecting the lagged effect in the TownsviUe equation is that this 
geographicaUy isolated saleyard is tiie only one of the four tiiat significantiy reacts 
An appropriate asymptotic normal 't-test' is applied in each case. 
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directiy to its own past changes, again confirming the results of the simpler bivariate 
modelling. Again, the other three prices are more sensitive to the differentials in the 
market place, that is the degree to which markets are out of line with each other. It 
follows tiiat the TownsvUle market is less integrated with the other saleyards. Prices 
Table 11.7 Coefficient estimates for the vector error correction model 
[ 
Regressors 
Ay,,., 
Ay2,,-i 
Ay3.r-1 
Ay4,,-i 
Ki-x 
h,-x 
Ki-x 
Constant 
Asymptotic t-rat 
A^u 
-0.066 
(0.82) 
0.128 
(1.16) 
-0.143 
(-2.18) 
0.074 
(1.30) 
-0.007 
(-2.56) 
-0.012 
(-4.19) 
0.000 
(0.02) 
0.002 
(0.85) 
ios are given in p 
Dependent 
A^a. 
0.020 
(0.30) 
0.001 
(0.01) 
-0.072 
(-1.32) 
-0.000 
(-0.00) 
-0.008 
(-3.36) 
0.006 
(2.31) 
0.003 
(1.45) 
0.002 
(0.95) 
)aren theses. 
variable 
^y^i 
-0.105 
(-0.98) 
-0.086 
(-0.58) 
0.010 
(0.11) 
-0.004 
(0.08) 
0.255 
(6.59) 
0.003 
(0.79) 
0.004 
(1.17) 
0.002 
(0.59) 
Ay4, 
-0.206 
(-1.89) 
0.113 
(0.75) 
-0.036 
(-0.40) 
-0.275 
(-3.56) 
-0.001 
(-0.30) 
0.007 
(1.85) 
-0.016 
(-4.08) 
0.004 
(1.00) 
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at TownsviUe appear to be determined more by local influences, including previous 
market conditions for Jap-Ox, at this market. This behaviour suggests that Townsville 
can be considered a distant satellite to the major sales at Rockhampton and 
Toowoomba. 
The equiUbrium solution for the vector error correction model (11.5) can be obtained 
by solving Z,.x = 0 which, from equation (4) can be expressed as 
y2 = 0.9567y, + 0.2521 
yj = 0.9320y, -^0.3521 ...(11.6) 
y, = 0.9147y, + 0.3421 
where the constants in (6) are the sample means of (y, - 0.9561y^, (y, - 0.932()yi) and 
(y, - 0.9147yO. 
Perfect spatial integration of markets requires that the coefficient on the long-run 
relationship between prices at these markets be unity (Goodwin and Schroeder, 1991, 
p.454). In the context of the current analysis, the existence of price integration, as 
revealed by unit coefficients on y^, would aUow the model to be correctiy respecified 
in terms of tiie log-price differentials. 
It follows from the relationship between equations (11.4) and (11.6) that equation 
(11.5) could have been specified with error correction terms y, - ^yi - a,, / = 2,3,4, 
without loss of generaUty. To test whether these coefficients on the long-run 
relationships are indeed unity, an alternative hypothesis corresponding to equation 
(11.6), written as y, = jS^ y, -I- a,-, / = 2,3,4,is considered with the nuU hypotiiesis being 
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that the log-price differentials define the error correction terms in equation (11.5): 
y. =y, -I- a,,/ = 2,3,4. 
A statistic for the joint test that all of the j3, are unity is defined by 
3 
^ = V 1 1 - ,^. I = 0.1966., derived from equation (11.6). 
i . l 
Following Bewley and TheU (1987), the smaU sample distribution of this test is 
approximated in a Monte Carlo framework. The principle underlying Monte Carlo 
testing is to generate a large number of repUcations under the nuU hypothesis and 
compute a similar test statistic. The position of the observed test statistic {^) in the 
empirical distribution provides a test of the null hypothesis. If the observed test 
statistic is, say, in the 5 per cent tail of the distribution, the nuU hypothesis is rejected. 
Accordingly, 4,999 repUcations of the vector error correction model (given by equation 
11.5), modified with log-price differentials replacing the error correction terms {Z^ 
were generated and, on each replication, a new estimate of /3 computed. The observed 
p constituted the 5,000th repUcation in this empirical distribution. The 5,000 estimates 
were then ranked in ascending order and the position of ^ located in this empirical 
distribution. This position emerged to be tiie 3,396th out of the 5,000. The 5 per cent 
tail does not include this value and so the null hypotiiesis, that the log-price 
differentials form a basis for the cointegrating vectors, is not rejected.^ Log-price 
differentials y, -y^ can thus replace the relationships given in equation (11.6). 
That is, the observed ranking would have to be less than or equal to 125, or greater than 
4,875 to cause a rejection of the null hypothesis. 
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11.4.3 Impulse Response Functions 
While cointegration testing has revealed tiiat long-run relationships exist between 
prices at tiie four saleyards, littie has yet been revealed about tiie speed witii which 
the adjustment required to maintain these long-run relationships takes place. Sims has 
argued tiiat the dynamics of the relationship between a number of time series can be 
studied in an innovation analysis.'° As discussed in the previous chapter, innovation 
analysis simulates the effect of a one-time shock, or innovation, in one of the series on 
all the series in the system. The simulated paths traced by the series, or impulse 
response functions, are found by imposing a recursive structure on the moving average 
rq)resentation of the VAR model. 
As noted in Section 10.2.3, this method is dependent on the order of the equations 
and such an order must be resolved on a priori grounds (Bessler, 1984, p. 116). For this 
study, tiie four auctions occur on three separate days hence removing much of the 
ordering problem. The only dupUcation of market days occurs on Wednesdays with 
sales at Toowoomba and TownsvUle. Since there is a Tuesday sale at Toowoomba, it 
is reasonable to assume that price information would be transmitted to the 
Wednesday Toowoomba sale not later than tiie Townsville sale.'* The iimovation 
analysis uses the order, Rockhampton, Toowoomba Tuesday, Toowoomba Wednesday, 
and TownsviUe. 
See Phillips and Bewley (1991) for a rec^it application of innovation analysis. 
There is also some evidence of a stronger linlc betwe«i the two sales at Toowoomba than 
"Ctween the Toowoomba Tuesday sale and the Townsville sale in the bivariate analysis carried out above 
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The impulse response functions are presented Figures 11.6, 11.7, 11.8, and 11.9. Since 
each time series is expressed in logs, the vertical axes can be interpreted as 
approximate percentage changes. Thus, in the case of Figure 11.6, a one standard 
deviation shock of 3.6 per cent in the Rockhampton price has an effect of increasing 
the otiier three prices in the same week by between 0.5 per cent and 1.1 per cent. The 
responses in all four prices approach approximately 1.5 per cent in the long run. That 
is, fuU price adjustment does not take place. Since such fuU adjustment is a condition 
of short-run integration, this is evidence, tiierefore, that, although the markets are 
integrated in the long-run, there is an absence of short-run integration (RavaUion, 
1986). The existence of lags in adjustment is also apparent: the price in TownsviUe 
does not rise sharply untU the sale held more than two weeks after the original shock 
in Rockhampton. These lags may reflect the greater time lags involved in the selling 
of cattie in the more remote Northern part of tiie State. 
It can be noted from Figure 11.7 that tiie effect of a shock in the Toowoomba price 
on a Tuesday has no impact on the Rockhampton price in the same week since that 
market is held the day before. However, the Toowoomba Wednesday price quickly 
approaches that for the Toowoomba Tuesday sale. From Figure 11.8, it can be noted 
that, as one would expect, the Toowoomba Tuesday price reacts more slowly to a 
shock in the price in the Toowoomba Wednesday price. Again this confirms tiie 
results of the bivariate causality tests above. There may be two reasons for such an 
asymmetric relationship. As noted above, tiie time delay between the Toowoomba 
Wednesday sale and the Toowoomba sale on the Tuesday of tiie next week may mean 
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that the information contained in the Wednesday prices is not considered relevant, 
and indeed may already have been included in the previous day's sale prices in 
Rockhampton and is thus redundant. An alternative explanation is that the generally 
smaller sale on the Wednesday at Toowoomba is more of a sateUite market regardless 
of the timing of the sales. It is not possible witii this data set to distinguish between 
these explanations. 
FinaUy, from Figure 11.9, there is a relatively muted reaction to a shock in the price 
at Townsville. Indeed, a large price differential emerges and takes up to eight weeks 
to dissipate. However, all four prices eventuaUy approach similar equiUbria. This again 
suggests tiiat aU four markets are integrated in tiie long-run but that the TownsviUe 
sale has tiie characteristics of a sateUite market. 
Because tiie impulse response functions have been generated from a cointegrated 
system, tiiere is a permanent effect to a shock in any one price and the long-run 
responses satisfy the cointegrating equations (11.4). In order to highUght the impact of 
shocks on price differentials, a second specification has been considered. 
As an alternative to the standard vector error correction model, equation (11.5), the 
three error-correction time series z^  (/ = 1,2,3) and the first-difference of one of the 
original series, say Ay,,, can be modelled directiy in an unrestricted VAR (Bewley and 
Parry, 1991). Given the results of the Monte Carlo testing procedure, log-price 
differentials can be used in place of the estimated error-correction terms. 
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The first variable in the sequence of this second set of impulse response functions is 
thus the change in the log of the Rockhampton price followed by the three log-price 
differentials in the order given. The impulse response functions, together with 95 per 
cent confidence intervals, are presented in Figures 11.10 to 11.13. The effect of the 
shock on the change in price at Rockhampton is shown in Figure 11.10 to have a 
negative impact on all price differentials. That is, tiie otiier prices absorb some of the 
impact. The adjustment of prices elsewhere to restore the differentials to some 
equilibrium level is shown to take a number of weeks. In Figures 11.11, 11.12 and 
11.13, tiie impulse response paths map out the response of prices to a change in price 
in Toowoomba (both days) and TownsvUle. Given that Rockhampton, which provides 
the base price in the differentials, is chronologicaUy prior to the other sales, impact 
changes in tiie differentials in week 0 cannot be due to changes in the base. 
The impact of a unit (one standard deviation) shock in the log change in the 
Rockhampton price and in the Toowoomba Tuesday log price differential are seen to 
have a greater and more widespread effect on price differentials than a unit shock to 
the price differentials at the otiier two saleyards. Indeed, it is suggested in Figures 
11.12 and 11.13 that a urut change in each of the Toowoomba Wednesday and 
TownsvUle price differentials predominantiy affects only the adjustment paths of the 
impacted variables. The TownsviUe-Rockhampton differential is, in aU cases, slowest 
to adjust to a unit shock. 
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Once more, this evidence suggests that Townsville, and to a lesser extent Toowoomba 
Wednesday, are less dominant in the price transmission process. The response of 
other prices to changes in the prices at these centres is generally more muted. Price 
movements at Rockhampton, the first major sale of the week, appear to be dominant 
in their effect on prices elsewhere. 
It is interesting to note tiie speed with which disequiUbria in differentials, and new 
price information via a change in Rockhampton prices are transmitted throughout the 
system. By far the greater proportion of a response occurs within 1-2 weeks with the 
exception of Townsville which takes an additional 1-2 weeks, possibly due to the time 
taken to get Jap-Ox to the saleyards after a price signal is recognised. 
11.5 SUMMARY OF RESULTS 
The above analysis can be summarised in the context of its impUcations for the 
existence of arbitrage opportunities, for the extent of market integration and for the 
defmition of the market for Jap-Ox in Queensland. 
11.5.1 The Existence of Arbitrage Opportunities 
In a weU-functioning market, deviations from the equiUbrium price differentials can be 
expected to close so that there may be only limited opportunities to exploit 
disequiUbria in the system. From the innovation diagrams in Figures 11.6- 11.13, it 
can be noted that these opportunities are generally short-lived and the transactions 
costs associated with attempting to profit from forecasting prices might outweigh the 
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potential gains. Arbitrage opportunities appear to be greater at Townsville but these 
may be offset by the costs of transport and cattie losses inter alia which could be 
incurred in the transport of cattle from Townsville to the other main sales centres or 
vice-versa. 
11.5.2 Implications for Market Integration 
The discovery of three cointegrating relationships between the four price series 
confirms the existence of long-run market integration between the four markets for 
Jap-Ox. However, the significance of lagged prices in the Townsville error correction 
model, presence of significant time lags and incomplete adjustments in the impulse 
response functions rule out short-run market integration. Short-run integration is 
taken as the benchmark for pricing efficiency as its absence here suggests that the 
prices discovered are inefficient, botii informationaUy and economicaUy. As noted 
above, the existence of lags impUes that there may be opportunities for arbitrage 
gains. Such gains are not possible in an efficient market. However, it seems likely that 
these gains are restricted to the Unkages involving the TownsvUle market. 
TownsviUe stands apart from the other tiiree centres, with local market conditions 
playing an important part in the price discovery process. This indicates that its degree 
of integration with the major markets of Rockhampton and Toowoomba may not be 
strong. Its smaUer size and distance from the other centres may cause a less efficient 
use of the price information avaUable in the market. In terms of the Garbade and 
Silber (1979) analysis, TownsviUe appears to have the characteristics of a sateUite 
market. 
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11.5.3 ImpUcations for the Definition of the Market 
The extent of price integration between spatially separated saleyards can be used in 
defining tiie geographic boundaries of a market. This problem of market definition is 
central to the anti-trust activities of the Trade Practices Commission in Australia and, 
indeed, one case recentiy brought by the Commission dealt specifically with the 
definition of any separate markets that may exist for fat cattie within Queensland.'^ 
As it was then. Section 50 of the Trade Practices Act (1974) focussed on the concept 
of 'dominance in a market' and the Court found that Northern Queensland, defined 
by Mackay and places to its north, constituted a separate market.'^ Accordingly, 
AustraUan Meat Holdings was required to divest itself of recent acquisitions in 
Mackay and Bo wen, a town approximately half-way between Mackay and TownsviUe. 
A study that included aU of the relevant saleyards would be necessary to vaUdate the 
Court's findings. However, the results presented here caution against such a sharp 
distinction between regional areas. The strength of price integration may be a 
decUning (continuous) function of distance from the dominant centre. The analysis 
shows that Townsville is not segmented from the other main Jap-Ox markets but 
merely tiiat it is less strongly integrated than the otiier three markets. Market 
segmentation, as found by the Trade Practices Commission, is not validated. 
Trade Practices Commission v. Australian Meat Holdings (TPC, 1988). 
Mackay is approximately halfway between Rockhampton and Townsville. 
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CHAPTER 12 
CONCLUSIONS 
There were three aims of the study: to examine the price discovery process at cattie 
auctions in Queensland with regard to the ability of this system to determine accurate 
and efficient prices; to evaluate the role of the QLMRS in tiie price discovery process; 
and to examine the process of price discovery with a view to estabUshing some method 
for defining market boundaries. The first three sections of this chapter present the 
general conclusions reached in the study reported in this thesis with regard to each of 
these tiiree objectives. The methodologies which have been used to analyse price 
discovery are assessed in Section 12.4. The Umitations of the study and suggested areas 
for further research are outiined in Section 12.5. The thesis concludes with a short 
statement reviewing the nature of tiie study reported in tiiis tiiesis. 
12.1 PRICING ACCURACY AND EFFICIENCY OF SLAUGHTER CATTLE AT 
QUEENSLAND AUCTION MARKETS 
The discovery of accurate and efficient prices was shown to be central to the efficient 
allocation of resources. The existence of inaccuracies and associated inefficiencies in the 
prices discovered at Queensland live cattie auctions indicates that there is some potential 
for a mis-allocation of resources in this sector of the economy. 
Two aspects of price discovery were examined: the abiUty of the auction system to 
generate accurate prices for a heterogeneous commodity (Uve cattie) at a number of 
different auction sites (Part II); and the abUity of the auction system to generate a set of 
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efficient prices for a relatively homogeneous commodity (Jap-Ox) at a group of spatially 
separate trading forums (Part III). 
12.1.1 The Accuracy of Prices Generated at Auction 
A pre-condition for pricing efficiency is tiiat the prices discovered in markets must be 
accurate, with price differences between lots correctiy reflecting differences in the 
attributes held by those lots. The analysis of Part II suggests that there is a measure of 
inaccuracy, sometimes large, in the price discovery process for slaughter cattie sold at 
auction in Queensland. The extent of pricing maccuracy and thus potential for pricing 
inefficiency was measured by the amount of variation in prices which was left unexplained 
after accounting for variations in all the characteristics thought to be relevant. The extent 
of pricing accuracy appears to vary between saleyards and between types of cattie. 
GeneraUy, pricing accuracy is highest for the sectors of the market most concerned with 
exports, that is. Steers both at Toowoomba and Rockhampton, and Cows and Heifers at 
Toowoomba. Sectors such as Yearlings which are heavUy oriented towards tiie domestic 
trade, performed least well. The results for Yearlings at Rockhampton were particularly 
poor. 
It is possible that there are other subjective considerations not included in the analysis 
which are especiaUy important in the domestic sector of the market. The domestic-type 
cattie attract buyers representing smaller processors and even retaU butchers to a greater 
degree than do the export-dominated cattie types. The valuation of cattie by these smaller 
operators may differ from that of tiie buyers working for larger meatworks. There is also 
less opportunity for coUusion in tiie purchase of cattle destined for tiie domestic trade. 
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On the other hand, a small number of buyers representing several major meatworks can 
dominate auctions for export-type cattle. Reduction in the scope for collusion may lead 
to greater price dispersion. In addition, buyers bidding for cattie destined for the export 
market are often bidding for cattie to produce beef which has already been forward sold. 
Under these circumstances, there may be littie variation in the price obtainable for the 
meat in the export market and hence relatively littie variation in the prices buyers are 
prepared to pay for live cattie. 
Some evidence was found to support the declining terminal market hypothesis of Tomek 
(1980) with the amount of unexplained price variation increasmg as the volume of 
transactions declines. However, the magnitude of the effect on price dispersion is 
anticipated to be smaU. 
Price averaging was also apparent, with pricing accuracy decUning as the number of 
animals sold in a lot increases. The proportion of price variation which is explained by 
variations in the characteristics was found to decline as average lot size increases. 
Offsetting this negative effect of increased lot sizes on pricing accuracy revealed by 
greater price variability, however, is the positive effect on price levels which was observed 
for some types of cattie at some saleyards, the result of the reduced per head transactions 
costs associated with the purchase of larger lots. 
There are a number of potential causes of less than perfect pricing accuracy. Firstiy, there 
may be different perceptions of quality attributes of the lots of cattie between the buyers. 
There may even be different valuations of the quaUty characteristics between buyers, 
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although (as already mentioned in connection with tiie export market) this is less likely 
to occur in the case of buyers operating on behalf of large meatworks within the same 
geographic region and serving the same clearly defined end-user group. Differences in 
valuations of quality attributes were observed between different saleyards. These 
differences provide strong statistical evidence against any broad aggregation of saleyard 
data. Only for the three Toowoomba sales and, for Heifers and Steers at the three 
Toowoomba sales and Dalby, were the estimated coefficients sufficientiy close in value 
to aUow aggregation to take place. Differences in valuations of characteristics were also 
apparent across time, with aggregation of time periods strongly rejected by most data sets. 
Different cost structures of processors may mean that processors have different valuations 
of tiie cattie. However, such differences in general costs are more Ukely to affect the base 
price rather than the differential prices associated with quaUty attributes. 
Anotiier possible reason for the lack of explanatory power in some of the statistical 
models is that many of the variables are measured as categorical rather than continuous 
variables. In some cases, it has been argued tiiat these categories are appropriate since 
buyers evaluate cattie on these bases and not in terms of continuous measurement. 
However, in other cases, broad groupings may not be adequate to reflect the quality 
differences between lots. For example, with reference to the variable "Origin", the 
defmition of four broad geographic regions may not be adequate to represent aU 
differences between cattie produced in different regions. One producer in a region may 
be recognised as a reliable producer of high yielding cattie and his cattie will attract a 
premium. Such an effect will not be adequately incorporated into the "Origin" variable 
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as defined in this study, representing different geographic areas rather than subtie 
differences between producers as perceived by buyers. 
12.1.2 The Efficiency of Prices Generated at SpatiaUy Separate Markets 
A rigid definition of pricing efficiency would require short-run integration of the markets 
and the immediate and fuU adjustment of prices to changes at other markets. However, 
in a practical situation, one would not expect absolute pricing efficiency in this sense. 
Ratiier, it is a question of the extent of the adjustments required and the time taken for 
the adjustments to occur which is of interest. 
The analysis of Chapter 11 revealed tiiat there were possibiUties of profitable arbitrage 
in tiie Queensland market for Jap-Ox because markets did not fuUy adjust 
instantaneously. These opportunities were shown to be short-Uved, however, and existed 
only in tiie more remote Northern part of the State. The existence of substantial lags 
between the decision to seU and the actual sale caused by the remoteness of many cattie 
properties in this region may mean that any gain from such arbitrage opportunities may 
be restricted to the buyers in tiie market. Here too, distance from other centres and the 
paucity of service meatworks in the immediate Northern region may further Umit access 
to any gains. At most centres, prices were shown to adjust quickly to changes in prices 
elsewhere, with the major adjustment taking place within 1-2 weeks. It was concluded that 
any pricing inefficiencies were Ukely to have a Umited effect on resource allocation 
between the regions. 
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12.2 IMPLICATIONS OF THE ANALYSIS FOR THE QUEENSLAND 
LIVESTOCK MARKET REPORTING SERVICE 
The results of Parts II and III of the thesis have implications for the Queensland 
Livestock Market Reporting Services, and indeed market reporting services elsewhere. 
In Part II, tiie current variables coUected by the QLMRS were shown to explain prices 
formed at cattie auctions to a varying degree, depending on type of cattie and saleyard. 
The abiUty of the QLMRS characteristics to explain price variations for all lots of cattie 
sold at Warwick and for lots of Yearlings sold at most markets was shown to be 
particularly poor. 
The importance of quaUty as a determinant of price in the domestic market indicated 
that tiiere may be characteristics other than weight and fat which may capture quality 
differences more successfully. The addition of one additional characteristic, muscle score, 
to tiie QLMRS variables significantiy improved the performance of the hedonic price 
function in explaining price variations. In some cases, the improvement was dramatic, for 
example, for Yearlings and Heifers at Rockhampton. The cattie sold at Rockhampton are 
generaUy more homogeneous with respect to weight and fat than cattie sold elsewhere. 
Price variations must be attributable to some other factors. Muscle score appears to be 
one such factor. The consistency of this effect over the data sets examined in Chapter 9 
suggests that muscle score could be usefully added to market reports to provide the extra 
information required by producers to aUocate their productive resources more efficientiy 
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which may not be available in the current form of market reports available in 
Queensland'. 
The similarity of the estimated parameters for the hedonic price functions for the three 
Toowoomba saleyards, confirmed by the aggregation tests in Chapter 8, suggests that 
detailed market reports for all tiiree sales may be redundant. The analysis of Part III 
reinforces this conclusion, with the Wednesday sale at Toowoomba having only a minor 
role to play in price discovery between the spatially and temporaUy separate markets for 
Jap-Ox. Information on the general level of prices and changes in this level at the later 
Toowoomba sales may be sufficient for the purposes of enhancing price discovery. The 
finding of market integration and the dominance of two key markets also suggests tiiat 
market reporting resources could be concentrated on reporting the key markets for 
particular cattie types.^  More analysis is required on the extent of market integration 
between a greater number of centres and for a wider variety of cattie before firm 
conclusions can be made (see below). The preUminary analysis, reported in Chapter 11, 
suggests tiiat there may be a Umited number of trading forums which can be identified 
as dominant in the price discovery process for different types of cattie. With price 
movements at the satelUte markets being to a great extent determined by price 
movements at these dominant markets, there may be less need to report price movements 
at the satellite markets. 
Muscle score has already been incorporated into market reports in other States. 
The Jap-Ox market studied in Chapter 11 is only one part of the slaughter cattle market. Different 
results may have been obtained had the analysis be«i for Yearlings or Cows, for example. This is suggested 
°y the results of Chapter 9, where price discovery for Rockhampton was shown to be inferior to that of 
Toowoomba for these types of cattle. 
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12.3 IMPLICATIONS OF THE ANALYSIS FOR THE DEFINITION OF MARKET 
BOUNDARIES 
There is a perceived need to develop a practical means by which geographic boundaries 
to markets can be delineated. It is suggested in this thesis that the test for tiie existence 
of long-run market integration between spatially separate trading forums can be used as 
a test for the definition of geographic market boundaries. The data requirements for such 
a testing procedure are much less than for many of the other tests for market delineation. 
For example, an examination of cross price elasticities of demand has frequentiy been 
cited as one approach to defining markets. However, such an approach requires data 
which are rarely avaUable. On the otiier hand, the time series of the prices at the 
different geographic trading forums are the only data requirements for an analysis of 
market integration of the kind suggested and appUed in Chapter 11. 
12.4 THE APTNESS OF THE METHODOLOGIES USED 
Two separate formal techniques were used in the thesis to examine price discovery. 
These methodologies have not been applied frequentiy in the literature to problems such 
as those investigated in this thesis. The hedonic price techiuque has been used most 
commonly to examine tiie market and/or to estimate the impUcit or hedonic prices of 
non-marketed characteristics. Cointegration techniques have been most commonly used 
to investigate the long-run relationships between different economic time series. Indeed, 
the presence of cointegration relationships between spot and futures markets has been 
used to reject the informational efficiency of these markets. It is perhaps appropriate to 
assess briefly the vaUdity of the use of tiiese methodologies to evaluate price discovery. 
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12.4.1 The Usefulness of the Hedonic Price Methodology 
Many previous studies of the type reported in Chapters 8 and 9 have been conducted 
without reference to any formal economic structure for the models used. The advantage 
of setting the analysis in the formal structure of hedonic price analysis, while not making 
any difference to the estimation procedure or tiie results obtained, is to highlight the 
assumptions impUcit in the methodology. In particular, the potential problems involving 
the aggregation of utiUty or, as in this case, production functions, are more readUy 
recognised within the formal structure of the hedonic price model. (These problems are 
raised as topics requiring further research, below.) In addition, the large Uterature on the 
theory and application of the hedonic price technique can be referred to, as in Chapters 
4 and 5. 
12.4.2 The Use of Multivariate Cointegration Analysis to Examine Market Integration 
The metiiodologies appUed by previous researchers to assess the extent of market 
integration and to examine information linkages between spatiaUy separate markets, 
discussed in Chapter 10, were shown to be of Umited use for the examination of non-
stationary time series. In addition, the fact that Uve cattie auctions in Queensland operate 
on different days of the week leads to this temporal ordering dominating the relationship 
between the markets. Cointegration techniques have been used recentiy to investigate the 
relationship between pairs of markets. However, the use of the multivariate cointegration 
techniques developed by Johansen and otiiers extends the possibiUty of analysis to 
systems rather than pairs of markets. In addition, once the number of cointegrating 
relationships within the system of markets is established, a vector error correction model 
can be estimated to obtain greater insight into the extent of integration between the 
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markets. The temporal ordering can be used to impose a structure on the VAR and thus 
estimate the impulse response functions in order to examine the existence of lags in the 
adjustment of prices. The temporal ordering is thus incorporated into the modelling 
process rather than being allowed to dominate the results as occurs for the other 
metiiodologies. Cointegration, by testing for long-run integration is a basic concept for 
the analysis of market integration. If cointegration is found, then the modelling process 
is streamUned. No ad hoc transformations of the data are required to estabUsh stationary 
series. Error correction models can be estimated using the untransformed non-stationary 
series to investigate both the short-run and long-run dynamics of the relationships. 
Johansen's technique for multivariate cointegration analysis used in this study thus 
overcomes many of the limitation of previous methods of testing for market integration. 
12.5 LEVHTATIONS OF THE STUDY AND DIRECTIONS FOR FURTHER 
ANALYSIS 
Data restrictions for smaller saleyards meant tiiat the analysis was restricted to those 
centres reported by QLMRS and to those which traded regularly and in reasonable 
volume throughout the year. This avoided many statistical problems which may have 
arisen if this approach had not been used. However, by restricting the analysis to the 
major saleyards, some limitations are placed on the wider implications of this analysis. 
This appUes to the analysis of both Part II and Part III of the thesis. The limitations are 
perhaps stronger in relation to the analysis of market integration. By defiiution, smaller 
more remote saleyards are likely to show the characteristics of satellite markets for the 
purposes of price discovery. The extent of market integration may be more limited for 
these satelUte markets. By restricting tiie analysis to tiie major saleyards of Queensland, 
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the implications for market integration throughout the broader geographic market for 
Queensland slaughter cattie may be Umited. This is discussed further below. 
A number of areas have been identified in the thesis as warranting further investigation. 
12.5.1 Price Linkages between Direct Sales and Live Cattle Auctions 
Several authors have investigated the dominance of one marketing channel over another. 
WhUe Hall (1981) carried out some analysis of the relationship between direct (over the 
hooks) sales and liveweight auctions, this analysis is substantively out of date. Major 
changes have occurred in the structure of the slaughter cattie market during the 1980s, 
continuing into the 1990s, which has lead to the dominance, in terms of volume of cattie, 
of direct sales over auctions. The impact of these changes on the price discovery process 
has important impUcations for the operation of the slaughter cattie market. This thesis 
has shown that price discovery at Uveweight auctions, assisted by the information 
contained in market reports, is not completely effective in determining accurate or 
efficient prices. At times there is a substantial proportion of price variation which is left 
unexplained by variations in the quality characteristics possessed by lots of cattie. Market 
reporting of dUect sales is minimal. The only regular pubUcly coUected source of 
information about slaughter cattie markets is the market reports for cattie sold at auction. 
In addition, there is believed to be an even greater degree of price averaging implicit in 
the "weight and grade" method of sale used by many meatworks than is apparent at Uve 
cattie auctions. Price averaging has been shown to lead to a reduction in pricing accuracy. 
To the extent that prices discovered by direct sales have become increasingly important 
in the context of the total market for slaughter cattie, there may have been an overall 
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decline in pricing accuracy for cattie in Queensland. On the other hand, the analysis 
reported in Chapter 8 of this thesis suggests that, in general, the auctions studied 
improved in terms of pricing accuracy and efficiency over the six-year period investigated. 
12.5.2 Extension of the Analysis of Market Integration 
The analysis of Part III of the thesis was restricted to a small number of key centres in 
Queensland and to the Jap-Ox market. Two obvious extensions to this analysis are 
suggested. The first is to expand the number of centres investigated to include a number 
of smaUer centres, possibly in more remote parts of the State. An extension of this form 
would aUow additional interesting questions to be examined. Two sales, the Monday sale 
at Rockhampton in the Central region of Queensland, and the Tuesday sale at 
Toowoomba in the South-East, were shown to dominate price discovery in the Jap-Ox 
market among the centres investigated. By including a number of smaller sales, for 
different areas of the State and which trade on different days of the week, greater insight 
could be obtained about the relative dominance of time and size of sale throughput in 
the price discovery process. This would also allow a better examination of the issue of the 
definition of geographic boundaries to markets. The current analysis is limited in this 
regard. 
Statistical problems may make it extremely difficult to extend the analysis in Part EQ to 
other centres. Time series analysis requires a continuous series of prices at regularly 
spaced periods of time. Smaller markets may not trade continuously, such as in the 
tropical regions of the State where abattoirs close for a period of the year, nor may tiiere 
be sufficient continuous trade in the type of cattie to warrant tiie use of the price series 
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for tiiese centres. This is a problem inherent in the analysis of one segment of the 
market. 
An alternative approach, which surmounts the problem of insufficient numbers of sales 
of one type of cattie is to analyse some average price series, expUcitiy allowing for any 
quality changes in the cattie over time and space. Hedonic price indices, based on an 
analysis of the type carried out in Part II of the thesis, could be used to adjust for quaUty 
changes. The instability over time and space of the impUcit valuations estimated for some 
of the characteristics, indicated by the analysis of Part n, would make such an analysis 
complex and time-consuming, and possibly limit usefulness of the results. 
12.5.3 The Dynamic Adjustment of Prices During the Course of a Sale 
In Chapter 9, the order in which cattie were sold was shown to have some impact on the 
price achieved at auction. There is a reasonable body of Uterature on the theory of price 
formation at auction, which examines the importance of various factors in determining 
the order of sale effect. Some of these arguments appear to be flawed. Specifically, it 
would indicate a lack of rational behaviour on the part of market participants if a 
particular order of sale effect on price were observed consistentiy over a number of sales. 
A buyer, observing such a pattern, would be able to exploit it and thus remove or reduce 
such an effect. The finding of a persistent order of sale effect would have impUcations, 
therefore, for the efficiency of pricing at auctions. There are few empirical studies which 
have investigated tiiis problem. The autiior is currentiy investigating tiiis issue further. 
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12.5.4 The Stability of Premiums and Discounts 
The existence of multicollinearity between the three characteristics, weight, fat and 
muscle score, which were found to be the most important in determining prices has 
implications for the stabiUty of the estimates obtained for the implicit premiums and 
discounts associated witii these characteristics. In pjirticular, muscle score was identified 
in Chapter 9 as having a significant and reasonably consistent effect on price across the 
four age/sex types of cattie and at both centres for which data were coUected. It was 
suggested that muscle score is a characteristic which could usefiiUy be incorporated into 
market reports. In Chapter 8, the stability of the premiums and discounts associated with 
weight and fat score were examined. Further analysis needs to be undertaken on the 
effect of the collinearities with muscle score on the stabiUty of the premiums and 
discounts associated with these three characteristics if market reports are to be extended 
to include muscle score. Also some further data coUection, of the type reported in 
Chapter 9, is necessary to examine the stabiUty of these premiums and discounts over 
time and space. 
12.5.5 An Examination of the Data CoUection Process used by the QLMRS 
There are two aspects of the coUection of data for inclusion in market reports which 
warrant further investigation. The first refers to the extent of the coverage of each market 
reported. It was apparent in Chapter 9 that not all lots of cattie sold at a particular 
auction were reported and subsequentiy analysed to generate the market reports. There 
appears to be some informal sampling procedure followed by market reporters. Such a 
sampUng process is not inherentiy bad, with any extraneous information about abnormal 
lots being fUtered out by the market reporter who is the person best quaUfied to judge 
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which lots are "atypical" in some sense. Furthermore, a reduction in the number of lots 
covered by the market reporters may also allow a more accurate assessment of the 
characteristics of each lot which are to be recorded for inclusion in market reports. 
However, it is suggested that there are possible biases involved in such a procedure and 
the practice should be further investigated. In particular, it is possible that the exclusion 
from the data set used to compUe the market reports of the data on aU single animal lots, 
may be a better and more formal alternative to the current informal sampling procedure. 
An examination of the effect on the mean and standard deviation of recorded prices both 
including and excluding single lots would provide some of the required information. 
The second aspect of the data collection procedure identified for further investigation is 
the widtii of the weight ranges currentiy used for market rqx)rts. The analysis in Part n 
of tiie tiiesis provides evidence that these weight ranges are too broad. The relationship 
between price and weight was not adequately captures using such wide weight ranges. 
Discussions with some meat processors indicated that narrower weight (and indeed, fat) 
ranges were used within the meat processing firms so that they could met the 
requirements of end-users more effectively. If this is the case, then producers should be 
made aware of these narrower weight ranges considered by buyers in assessing the value 
of the animals for sale. 
12.5.6 Further Investigation into the Limitations of Hedonic Price Analysis 
In addition to the above issues which are specific to the examination of price discovery 
at cattie auctions, other areas have been identified which have impUcations for the 
usefulness of the hedonic price technique in deriving impUcit prices in general. 
334 
In particular, the hedonic price analysis relies on the aggregation of utility or production 
functions to derive a hedonic price function and thus determine average implicit prices 
for the various product characteristics of interest. The possible aggregation bias problem 
inherent in such an approach is likely to be relatively modest in circumstances such as 
those investigated in this thesis. In tiie case of buyers at Uve cattie auctions in 
Queensland, it was argued that they will all face broadly simUar production functions (in 
the conversion of cattie to beef) and, within each market segment, they aU face essentially 
the same end-users. In tiie long-run, profit margins are also Ukely to be simUar. For aU 
of tiiese reasons, one would expect that aggregating over buyers would not create major 
biases in the estimation of the average value or impUcit prices for each characteristic in 
relation to Uve cattie. 
The hedonic price technique is also being used increasingly to evaluate non-marketed 
environmental "goods" (or, perhaps more appropriately, "bads"). For example. Graves et 
al (1988) used the technique to determine an impUcit price for air quaUty. In this paper, 
they addressed the issue of measurement error and how it may affect the estimates 
obtained. No mention was made of the aggregation assumptions, specificaUy, how the 
associated witii air quality, may affect the implicit prices estimated. The problem is likely 
to be especially important when different income groups are aggregated. If hedonic 
analysis is to be used with confidence in these situations, some examination should be 
undertaken to investigate the potential for aggregation bias in tiie impUcit prices derived. 
aggregation of many individuals' utUity functions, each with a different weighting 
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12.6 A FINAL STATEMENT 
The thesis reports a study which is a blend of cattie lore, applied economic theory, and 
econometric techniques. While the emphasis in the thesis is on the statistical analysis, a 
great deal of background information and first hand knowledge of the Queensland cattie 
market has been accumulated by the author. At the same time, the theoretical 
foundations of the study have been carefuUy constructed. It would be inappropriate, 
therefore, to classify the thesis simply as an exercise in appUed statistics. At each step, 
attention has been devoted to placing the analysis on a firm theoretical footing: to 
understanding the intricacies of the data; and to using the appropriate econometric 
techniques. The results, therefore, rest firmly on a tripod composed of the appUcation of 
the necessary economic theory, the careful coUection and interpretation of data and the 
use of the appropriate statistical techniques. 
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